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I. INTRODUCTION AND METHOD OF APPROACH 


Performance of research on living systems in space will require 
increasingly complex and varied methods of sampling and analysis. In- 
flight or real-time analysis is preferred, but priorities such as time, 
expense, adverse conditions, and availability of trained personnel will 
limit the amount of real-time analysis that can be done. Postflight or 
postponed handling of biological samples will be necessary. This intro- 
duces the problem of how best to store or preserve biological materials 
until they can be used. 

The purpose of this report is to document and summarize existing 
techniques used to preserve biological materials. The report is 
presented in a handbook format that categorizes the most important 
preservation techniques available, and includes a representative sampling 
of the thousands of applications of these techniques to biological 
materials and organisms. 

Details of the information coverage and method of approach are out- 
lined in the following sections. 

Literature Coverage 


There is a vast amount of literature covering preservation of 
biological materials. Some preservation methods still in use today 
were originally described in the literature more than a century ago. 
Although there is a wealth of information available, most of it is 
poorly indexed or buried in books and articles whose main emphasis is 
not preservation per se . For these reasons, a variety of approaches 
were needed for searching the literature. 

First, demand searches were requested from NASA, DDC, and MEDLARS. 
These were screened, and appropriate documents were ordered. Next, 
books, symposia, and reviews were covered through such sources as: 

Books in Print, Cumulat ive Book Index , The Publishers T Tradelist Annual , 
and the library catalogs of Stanford Research Institute, NASA Ames, and 
Stanford University. Few books were found that were directly related 
to the subject. Several books were found that had sections or chapters 
of interest, but these were not indexed under ’’preservation'’ headings 
and were therefore difficult to locate except by chance. 

The bulk of the information presented here was found by searching 
the secondary abstracting sources. Again, the subject indexing was not 
adequate, and, in some cases, whole sections of the abstracting journal 
were scanned page by page to find useful information. Many author 
searches were also performed to obtain references to the work of recog- 
nized researchers. 



The following abstracting journals were covered from approximately 
1960 to June 1971 (unless otherwise noted): 

Chemical Abstracts 
Index Medicus 
Biological Abstracts 
Pandex (three years only) 

Science Citation Index (three years only) 

NLM Monthly Bibliography of Medical Reviews (two years only) 

Pertinent abstracts were screened, and selected articles were 
ordered in hard copy or microfiche. When articles were received, they 
were separated into experimental or review papers and were further 
screened for inclusion in either the review section of the handbook, the 
data tables, and/or the bibliography. (Articles that were not included 
in either the review section or the tables due to various restrictions 
were still cited in the final bibliography, if of interest at all.) 

Many of the bibliographies accompanying the articles were also 
checked for ‘ pert inent references, as were the tables of content of all 
issues of Cryobiology and several other relevant journals. In this 
manner, older information was obtained much more quickly than by searching 
the poorly indexed abstracting journals. 

An overlap occurred between coverage in journal articles, symposium 
papers, and technical reports. Some authors published similar informa- 
tion in all three. The journal article was selected over the other two 
forms wherever possible, because journal literature was considered to be 
more easily obtainable by the user than report or symposium literature. 

Subject Areas Not Covered 


Because the literature covering preservation of biological materials 
is so prolific, it was impossible to cover all aspects of the subject 
within the scope of this report without making several restrictions. 
Therefore, the following information is not covered in this report: 

(1) Information written in a foreign language was not included. 
However, many foreign authors are represented through trans- 
lations and publications in English journals. 

(2) Food preservation was not covered. This area is covered very 
well by the various abstracting services, books, and review 
sources such as Advances in Food Research . Many preservation 
techniques have been highly perfected for use on foods; how- 
ever, the volume of literature on this topic was prohibitive 
for inclusion in a compilation of this scope. 

(3) Histology and histochemistry were not included in the data 
compilation, again because the information is well documented 
elsewhere and the amount of material was prohibitive. Although 
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we did not include this information in the data compilation, 
many references on histology or histochemistry are included 
in the bibliography. 

(4) Organic or biochemical substances are often lyophilized, 
dried, or crystallized during extraction or synthesis. 
Although these are forms of storage, this information was 
not covered in this survey unless the preservation method 
was the main emphasis of the paper in question. 

( 5 ) Most preservation by radiation was not included as the bulk 
of this information pertained to food or to simple steriliza- 
tion. 

(6) Preservation by packaging was not included. 

Organization of the Handbook 


General Organization 


The handbook is organized into four main sections following this 
section: 

(1) A review of reviews 

( 2 ) Tables of techniques of preservation 

(3) Indexes 

(4) A comprehensive bibliography 

This format was chosen in an attempt to cover a variety of interests. 
The review section emphasizes evaluations and comparisons of work done 
in the preservation field and attempts to summarize findings, while the 
tables present a listing of preservation techniques and their applications, 
essentially as reported by the author with no attempt made to rate the 
relative merit of the technique or application. This approach should 
permit the user to evaluate the appropriateness of a technique or appli- 
cation for his own use, and also to see how it has been evaluated by 
other researchers in the field. 

The bibliography contains all the references referred to in the review 
section and the tables, as well as many more related references. It is 
arranged alphabetically by author and chronologically under each author. 
This arrangement serves as an author index and also as a progress report 
on the work of a particular author. 

In attempting to organize the information that had been gathered, 
it became evident that there were relatively few types of preservation 
methods in use, but that many variations and applications of each method 
existed. Therefore, it seemed logical to first categorize the material 
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by type of preservation method, and then by various applications of 
the preservation method. 

The types of preservation technique were somewhat arbitrarily 
divided into the following categories: 

• Freezing (temperatures below 0°c) 

• Refrigeration (temperatures around 4°C) 

• Lyophilizat ion 

• Chemical preservation (includes chemical sterilants, perfusates, 
various metabolic inhibitors, antioxidants, etc. ) 

• Drying and heat sterilization 

• Ashing 

• Fixation and embedding 

• Radiation 

• Dialysis 

• Incubation 

Details of the organization of each of the above-mentioned four 
sections that follow are outlined below. 

Review of Reviews 


The review of reviews section summarizes key information covered 
in over 100 review articles. It is organized by the technique categories 
outlined above. In addition, the last section of the review discusses 
applications of these techniques to mammalian specimens. 

An attempt was made to provide sufficient information about each 
review to give the user an indication of what material is covered in 
the original article. Each reference mentioned in the review section 
is included in the bibliography and is preceded by a double asterisk. 

Tables of Preservation Methods 


The handbook tables are arranged first by the type of preservation 
technique, next by the kind of material being preserved, and, finally, 
chronologically under each kind or material. 

The preservation technique is listed in the upper left-hand corner 
of each page of the tables in bold-face type. Directly under the preser- 
vation technique arranged horizontally across the page in columns are 
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listed the various pieces of information that were extracted from each 
paper. These columns are: 


(1) Specimen Type . This gives a gross description of the type of 
material being preserved. The specimen types are listed alpha- 
betically, and this list can be used as an index to the appli- 
cations of each preservation technique under which the listing 
occurs . 

(2) Original Form of Sample . This column describes the form of 
the sample at the time it was preserved, and also describes 
the genus-species name of the organism or the origin of the 
sample. 

(3) Brief Description of the Method . This column provides a brief 
abstract of the preservation technique and details of its 
specific application. 

(4) Limitations of the Method . This column outlines the effects 
that the preservation method has on the specimen being 
preserved. It covers such concepts as viability, unusual 
effects, limitations, restrictions, length of preservation 
time, etc. 

(5) Other Comments About Method . This column presents additional 
information of interest, such as unusual observations, authors f 
comments, explanatory notes, etc. 

(6) Estimated Preservation Time . The figures listed in this column 
give a rough estimate of how much time is required to preserve 
the specimen in question. 

(7) Survival Time , These figures give an approximate length of 
time that the specimen can be stored, if preserved by the 
technique outlined. These figures are inexact, and they do 
not necessarily indicate that the specimen can be stored 
without damage for the length of time indicated. However, 
these figures should give an estimate of how long a sample 
preserved by a given technique can be kept. 

(8) Estimated No. of Steps . A "step' is defined as one operation, 
such as injecting an animal, rather than one movement. These 
figures are relative and are included to give the user an 
indication of the complexity of the method. 

(9) Equipment and Reagents Used . This column includes general 
equipment and reagents used during the preservation process. 

(10) End Use of Specimen . This column gives the intended use or 
the method of analysis for the preserved specimen. 
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(ll) Reference . Only the first author's last name and the date 
are included here. The full reference can be found in the 
bibliography and is preceded by a single asterisk. 

An attempt was made to present enough information in the tables 
to allow the user to decide whether the method is useful for his purposes , 
and to make at least gross comparisons among the different methods and 
applications . 

The left-hand column of specimen types is arranged alphabetically 
under each preservation technique. This alphabetic listing can be used 
as a rough index. Where more than one specimen type of the same kind 
exists , the entries are arranged chronologically. This arrangement lets 
the user follow chronological developments in preserving a particular 
kind of material by a particular technique. 

Most papers are entered only once in the tables. If more than one 
preservation technique was covered in a single paper, the information 
was entered in the tables under what seemed to be the most important 
technique. However, all preservation techniques are entered in the index. 
By using either the tables or the index, the user should be able to pin- 
point most any information covered. 

Many words were abbreviated in the tables to save space. A list 
of the abbreviations used is given in the front of that section. 

Indexes 


The indexes include the preservation technique( s ) , the material 
being preserved, biochemical or other quantities affected by the preser- 
vation technique, and reagents important to the technique. 

A genus-species name is included in the index, if one was given in 
the original paper. If not, the animal or plant is indexed by its common 
name combined with the type of specimen being preserved. (For example, 
an entry involving preservation of rat kidneys would be entered under 
"Kidney 11 and under "Rat kidney" rather than under "Rat" alone. 

Chemical nomenclature is presented for the most part as it appears 
in the original paper. Organic chemical entries are not inverted. 

Bibliography 

The bibliography is a composite of the references cited in the 
review section and the tables, but it also contains a great many references 
of interest that were not included in either of these sections. References 
cited in the review section are marked with a double asterisk (#*), 
references cited in the tables are marked with a single asterisk (*), and 
references not included in either of these sections are unmarked. 
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The bibliography is arranged alphabetically by the first author 1 s 
last name, then chronologically under each first author. This arrange- 
ment not only provides an index to authors in the field, but it also 
gives a brief summary of the sequence of work done by a given author. 

The use of all these sections together should give the user a 
variety of approaches to methods of preservation of biological materials. 

This compilation does not claim to be a complete compendium of 
preservation methods. Such a work could easily fill several volumes. 
Rather it is hoped that the most commonly used preservation methods are 
represented here, along with several applications for each method. 
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II. REVIEW OF REVIEWS 


Introduction 


Since review articles were more apt to summarize methodology rather 
than present experimental detail , they did not fit into the tables of 
data as readily as experimental papers. For this reason, review articles 
have been summarized separately here. 

This section of the handbook outlines the key points of more than 
100 reviews, including books. It is organized primarily by preservation 
technique except for the last section which summarizes applications of 
the various techniques to mammalian systems. 

Freezing of Biological Samples 


The term "freezing" is defined here as hardening into a solid body 
by extraction of heat. This phenomenon occurs in the vicinity of 0°C 
for aqueous solutions. However, freezing temperatures as low as -200°C 
are often used for preservation of biological materials. 

Freezing can slow, stop, or accelerate biochemical reactions. It 
can also preserve or disrupt the fine structure of biological cells. 

Which of these responses occurs during a given type of reaction or 
within a given cell depends on a variety of factors (Mazur, 1970 ). 

If the freezing process is relatively slow within a biological 
system, ice crystals seem to form exclusively in the extracellular space 
(Mazur, 1970). Water within the cell becomes supercooled and, in this 
state, has a higher vapor pressure than ice. This intracellular water 
is then withdrawn from the cell to contribute to ice crystal formation, 
which finally consumes all freezable water in and out of the cell except 
for 5 to lOfo of the intracellular water remaining in the cell unfrozen. 

Rapid cooling produces more and smaller ice crystals, which are 
predominantly intracellular. In general, very slow freezing and very 
rapid freezing are lethal to most types of animal cells (Mazur, 1970). 

It is possible that injuries produced in living cells by extracellular 
freezing may result from critical dehydration of the living protoplasmic 
system (Asahina, 1965). The resulting deleterious effect of concentrated 
salt solutions on the protoplasmic membrane is well known (A. Smith, 1961 ) . 

In 1940, it occurred to Luyet and Genehio that crystallization of 
ice could be prevented by ultra-rapid cooling of minute amounts of fluid 
to a very low temperature, so that the water molecules would have no 
time to form crystals of ice, or the liquid become vitrified. If the 
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glassy material was subsequently rewarmed at an ultra-rapid rate, it 
should revert to the liquid state without ice formation. This approach 
only worked on a very limited micro-scale (G. Smith, 1950). In general, 
as cells are cooled below 0°C, they become subject to three phenomena: 
the temperature falls; ice crystals form; and liquid water is removed 
thus raising the concentration of solutes. Most of the freezing injury 
to biological cells appears to be due to the combined effects of exposure 
to concentrated solutes and the formation of large intracellular crystals 
(Richards, 1964; Mazur, 1965), 

Epithelium, some tumor tissues, and erythrocytes are cellular types 
that will tolerate very rapid freezing. Optimum cooling velocities to 
give the best cell survival vary from 1.6°C per minute for bone marrow 
stem cells to about 3000°C per minute for human erythrocytes (Meryman, 

1964; Mazur, 1966; Luyet , 1970). The optimum freezing rate for each 
cellular type minimizes both the intracellular ice formation and the 
solution effects (Luyet, 1970). Preservation of whole human skin for 
grafting purposes for periods of 1 to 61 days has been best accomplished 
with slow freezing and rapid thawing (Perry, 1966, 1966a; Ballantyne, Jr., 
1966), The epithelial or outer layer of skin and whole skin, therefore, 
appear to respond differently to freezing and thawing for cellular survival. 
This is not surprising because of the greater number of different types 
of cells (each with different freezing and thawing requirements) found 
in whole skin compared with the epithelial layer alone. 

The use of protective additives — such as a 5 to 20$ concentration 
of glycerin, dimethylsulf oxide (DMSO), or polyvinylpyrrolidone (PVP) — 
prevents a significant amount of water from freezing and thus gives a 
much greater chance for cellular survival (Huggins, 1965). Practical 
methods for the removal of these additive agents after thawing, to allow 
for either utilization of the cellular materials in biological systems 
or further analysis of these materials, have been developed (Huggins, 

1969). The need to remove glycerol, especially from blood cells, arises 
from the fact that the rate of water exchange across the red cell mem- 
brane is greater than the glycerol exchange, thus giving rise to an 
osmotic imbalance that could lyse the cell (Pyle, 1964). PVP produces 
a better survival rate for marrow cells and red cells than does glycerol, 
and PVP does not usually have to be removed before returning the cells 
to a physiological environment (Richards, 1964). All these cryoprotec- 
tants appear to exert protective action by reducing the concentration 
of salt in equilibrium with ice at any given temperature, thus decreasing 
the likelihood of denaturation of proteins and other complex organic 
substances in the external and internal membranes and organelles of 
living cells (G. Smith, 1950 ), These cryoprotectants appear to interact 
directly with the hydration shell of biologically important macromolecules 
and thereby influence macromolecular conformation (Doebbler, 1966; Rowe, 
1966; Karow, Jr., 1969a). 

Studies concerning the long term preservation of whole blood and 
red cells by freezing have been extensive (Tullis, 1966; Valeri, 1966, 

1968, 1968a; Meryman, 1968). Recent advances in preservation of blood 
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by freezing and its clinical acceptability have been outlined (Valeri, 
1968, 1968a). Erythrocytes recovered physically intact after rapid 
freezing have their electrolyte composition altered. Total cation 
concentration remains unchanged, while sodium increases and potassium 
decreases (Doebbler, 1965). This electrolyte change may be due to an 
increased activation after freezing of nucleoside triphosphatase activity, 
which is involved in erythrocyte membrane cation transport (Doebbler, 
1965). 


Other blood cells such as platelets have shown a very poor recovery 
rate after freezing (Gardner, 1968). Even the initial centrifugation to 
prepare platelet-rich plasma causes a 25$ loss of platelets. The use of 
glycerol for platelet protection during freezing alters the platelet 
membrane before freezing and decreases the recovery of circulating 
platelets that can be recovered (Gardner, 1968). The use of radioactive 
sodium chromate (Cr 51 ) has proved to be a successful platelet marker for 
measuring platelet survival (Aas, 1958). 

It is suggested that a separation of marrow cells into component 
cells be attempted before freezing, so that the components may be studied 
separately (Ashwood-Smith, 1965). Although frozen marrow may have less 
antigenicity than fresh material, it is unlikely that a freezing method 
will be devised to enable marrow to be as good after freezing as before 
(Ashwood-Smith, 1964). Leukocytes or the white cells of whole blood 
have been frozen in 10$ DMSO, and the surviving cells were evaluated 
(Gavins, 1968). Unfortunately, DMSO causes a human toxic response, 
which means that it must be almost totally removed from the preserved 
material if it is to be placed back in the human body (Gardner, 1968). 
Efforts to preserve human leukemic white blood cells in vitro for experi- 
mental purposes have been described (Shohet, 1967). Salient features of 
this technique include slow freezing, rapid thawing, the use of DMSO as 
cryoprotect ive agent, and brief exposure of the thawed cells to deoxyribo- 
nuclease. Overall recovery of viable cells was over 50$. 

Antigens and antibodies that are constituents of blood serum can 
be preserved at -79°C for many months with no alteration in antigenic 
properties (Greaves, 1965; Krijnen, 1968). Greaves ( 1965a ) states that 
freeze-drying is a more complex technique than simple freezing, and that 
it is also potentially more destructive. He also points out that the 
exact point of complete freezing can be detected using the electrical 
resistance of ice in an A-C conductivity cell. 

Preservation of serum plasma by freezing illustrates the well- 
known lipid insolubility effect of freezing and thawing (Pennell, 1965; 
Greaves, 1968; Davies, 1968; Martinek, 1970). Lipoproteins have long 
been known to be most sensitive to freezing and thawing (Pennell, 1965), 
but urea and alkaline phosphatase activity levels are also adversely 
affected (Davies, 1968). In this case, lipoproteins are put into an 
insoluble state that causes the plasma to become cloudy after thawing. 

This cloudiness can be removed by suitable filtration (Greaves, 1968), 
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Successful freezing of large and complex organs is unlikely, owing 
to the number of different cells, each probably requiring a different 
freezing schedule (Greaves, 1965a), Certainly no mammalian heart has 
survived the rigors of freezing and thawing (Childs, 1969), but some 
fairly simple organ systems — such as cornea (Childs, 1969), when frozen 
to -195°C in the presence of 14 % DMSO, serum, and sucrose--appear to be 
quite well preserved. With the corneas, freezing was done by degrees 
first to -80°C, then to 160°C, and then to -196°C (Pakarinen, 1969). 
Preservation of kidney, small intestine, lung, heart, and liver have all 
been attempted with varying degrees of success (Pakarinen, 1969). 
Refrigeration techniques and oxygen control have been tried more frequently 
than freezing (Norman, 1968; Pakarinen, 1969; Malinin, 1970 ). The many 
problems of organ storage by freezing--part icular ly of kidney, cornea, 
smooth muscle, and cartilage — are reviewed by A. Smith (1965), Martin 
(1968), and Halasz (1970), Freezing has not yet proven to be an effec- 
tive way to preserve organs or, for that matter, adult mammalian cells, 
with the exceptions of a few cell types such as erythrocytes and sperm 
(Dolan, 1965; Abbott, 1969). 

Assessment of tissue, organ, or cell viability has been well defined 
with divisions of apparent death, relative death, and absolute death 
(Malinin, 1967), The basic vital characteristic is the ability to take 
free energy from the environment and make it available for various synthetic 
processes (Dolan, 1965a). 

Bull semen frozen to -196°C and kept for periods of at least ten 
years can still be used for artificial insemination (Sherman, 1965). 

However, aging of sperm is known to cause an increase in the incidence 
of embryonic or early fetal death (Sherman, 1965). Extensive studies of 
frozen human sperm have been made (Sherman, 1963), and viability of the 
frozen cell is also of primary interest (Wolstenholme, 1970). 

Cryopreservat ion of bone or osseous tissue at -1° to 7°C in various 
media — such as saline, citrated blood, Ringers solution, and merthiolate — 
has been done for at least 40 years (Boyne, 1968). Deep frozen bone 
homografts appear to be superior clinically and histologically to those 
maintained at 4°C in any of the above-mentioned media. Freeze-drying 
has also been used successfully for this application. Sterilization by 
irradiation has been practiced extensively on bone homografts, as has 
chemical sterilization with ethylene oxide and bet a-propiolactone (Boyne, 
1968). 


Going down the phylogenetic scale from vertebrates through inverte- 
brates to microorganisms and viruses, preservation by freezing becomes 
less difficult. However, like the higher animal cells, most protozoa 
and some bacteria require cryoprotect ants such as DMSO to prevent 
extensive freezing injury (Meryman, 1963). Frozen protozoa have been 
stored successfully at temperatures as high as -19°C and as low as 
-196°C (Diamond, 1964). In general, the lower the storage temperature 
employed, the longer the period of survival. Thawing is usually done 
as rapidly as possible (Diamond, 1964). Microorganisms are, in general, 
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more resistant to freezing than other highly developed animal or plant 
cells and are easier to preserve in the frozen state than other animal 
cells (Nei, 1964). Culture collections of microorganisms may be stored 
at low temperatures and used whenever desired (Boyne, 1968; Nei, 1965, 
1969). Declines in virus titers associated with velocities of freezing 
of the order of 60°C per minute or greater were lower than those found 
with velocities of freezing of 40°C per minute or less (Greiff, 1965). 

Such freezing stability data for viruses have been established by group 
classification for refrigeration, freezing, and freeze drying methods 
of preservation (Rightsel, 1967). 

The preservation of plant tissues by freezing has also received 
considerable study. It can be demonstrated that freezing alters the 
permeability properties of plant cell membranes (Heber, 1968). However, 
plant cells have the ability to synthesize specific protein factors that 
can protect their membrane system against freezing injury (Heber, 1968; 
Steponkus, 1969). This freezing protection coincides with an increase 
in ribonucleic acid and protein synthesis in autumn during the frost- 
hardening period of certain types of plants (Levitt, 1964, 1966). Frost 
or freezing injury in plant cells can be measured by the amount of amino 
acids and other ninhydrin reactants released from frozen cells (Reeve, 
1966). 

Many reviews concerning the general aspects of the biological effects 
of freezing on living cells appear in the literature (A. Smith, 1961; 
Luyet, 1965; A. Smith, 1970; Wolstenholme, 1962, 1970). Specific 
studies also appear on practical applications of low temperature preser- 
vation for cultured animal cells (Scherer, 1965). 

A very special part of the living cell, the nucleus, has also been 
extensively studied (Stowell, 1965). The best structural preservation 
of nuclei has been attained with the most rapid possible cooling from 
0°C to -100°C. Slow freezing leads to large, intranuclear, ice crystal 
formation during the change to the frozen state, with marked displace- 
ment of the nucleoplasm, including chromatin and nucleoli. Rapid thawing 
gives amazing structural reconstitution of the nucleus with only slight 
clumping of chromatin. Slow thawing, on the other hand, may give large 
residual areas of displaced nucleoplasm and changes in the nuclear 
envelope with general separation of the inner and outer nuclear membranes 
(Stowell, 1965). 

Cellular damage by freezing appears to be caused by alterations of 
intra- and extracellular water. Bound water in the form of lattices 
seems to be essential to cell integrity, especially protein structure 
and function. Death by freezing seems to occur primarily as a result 
of extraction of bound water from vital cellular structures (Karow, Jr., 
1965). 

Electron microscopy is a valuable tool for the study of the funda- 
mental mechanisms of biological freezing at the molecular level 
(Fernandez-Moran, I960). The direct ultrastructural changes induced 
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in tissue by cold exposure must be directly visualized. Conventional 
thin section techniques cannot achieve this, but freeze substitution or 
"f reeze -cleaving M or breeze-etching" eliminates some of the artifact- 
producing steps of the thin section technique (Weinstein, 1967; Steere, 
1969). Freeze substitution has been used on specimens of yeast cells, 
bacteria, algae, nematodes, mouse brain, parasitized red blood cells, 
and virus-infected tobacco cells (steere, 1957, 1969). 

The art of food preservation by freezing presents information that 
is of potential value to the preservation of all biological samples. 

The preservation of meat by freezing still offers the best organoleptic 
suitability over long periods of time (Lawrie, 1968). However, freezing 
of food does have some detrimental effects as far as the rate of freezing 
and thawing, as well as the use of chemical additives, are concerned; these 
are critical factors to consider in minimizing undesirable degradation 
(Fennema, 1966). 

Lyophilizat ion or Freeze-Drying 

Lyophilizat ion is the creation of a stable preparation of a biological 
substance by rapid freezing and dehydration of the frozen product under 
high vacuum. 

Initial freezing of the sample must be done in a suitable low 
temperature medium, such as a mixture of dry-ice and acetone, followed 
by dehydration by sublimation from the frozen state. Heating the 
frozen sample to just below the melting point, as soon as the vacuum 
is attained, gives the most significant rate of sublimation. Sublima- 
tion starts at the ice surface and works progressively to the center 
or bottom. The amount of heat applied is significant because of the 
intense absorption of heat caused by sublimation. The amount of heat 
required during sublimation varies as the process continues, because 
the thermal gradient through the ice layer changes with the changing 
depth of ice (Chambers, 1949; Mullin, 1955; Flosdorf, 1959; Simatos, 

1965). 


Sublimation temperatures for most biological products such as blood 
serum, organic compounds, and bacterial suspensions are between -10° 
and -40°C. This requirement can decrease to -100°C for cells where large 
ice crystal formation must be avoided (Chambers, 1949; Simatos, 1965). 

Secondary drying after sublimation is usually done under high vacuum, 
or at slightly above room temperature, to lower residual water content 
of the sample to a minimum. However, the viability of certain bacteria 
and viruses is preserved only if their water content is kept above 
certain minimum levels (Sherman, 1963). 

Most lyophilized samples are most effectively stored under nitrogen 
because of the very high porosity of the freeze-dried product (Simatos, 
1965; Mullin, 1955). 
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Reconstitution of lyophilized biological samples commonly consists 
of rehydration with water or physiological saline. In many instances, 
the reconstituted product can be used in a more concentrated state than 
the initial product (Simatos, 1965), 

The optimal freeze-drying temperature can be predicted for a given 
type of sample. Automatic control equipment can be used to measure this 
temperature by the use of electrical resistance measurements of the 
sample (Greaves, 1962, 1965). 

The suspension medium used to freeze-dry a sample is very important 
for long term storage stability. Many different media have been reported 
to have been used successfully such as serum, broth, skimmed milk, and 
gelatin (Greaves, 1962). 

The importance of mechanical design in lyophilizat ion equipment 
cannot be minimized. Vapor paths must remain open, and differential 
pockets of high pressure must be avoided. Heating during lyophilizat ion 
must not cause local melting. Constant removal of dried products offers 
a very fast drying rate. High vacuum spray freeze-drying has certain 
advantages in drying foods, if flavor and solubility are not critical, 
as both of these properties are sometimes altered by this technique 
(Mullin, 1955; Flosdorf, 1959; Greaves, 1962). 

It is evident that the rate at which a solution freeze-dries depends 
on the temperature and the nature of the solute. Freeze-drying velocity 
is not always determined by the size of ice crystals which would in turn 
determine the size of vapor flow channels vacated by the subliming ice 
(Mullin, 1955; MacKenzie, 1965). 

Mammalian spermatozoa and erythrocytes have both been freeze-dried 
with a significant percentage of survival (Meryman, 1963). A variety 
of mammalian serum protein fractions have also been freeze-dried 
(Rosenberg, 1964). Many different physical mechanisms have been employed 
to freeze-dry these serum proteins such as tray-drying, where the material 
has to be scraped from the trays and pulverized, and spray atomizing, 
where the frozen particles are transferred to a wire mesh drum mounted 
horizontally in a vacuum chamber with controlled radiant heat to insure 
operation just below the melting point (Greaves, 1960; Rosenberg, 1964). 

If a protein solution could be well preserved by freeze-drying without 
denaturation, this would probably be the method of choice, as it avoids 
the inconvenience of frozen storage (Rosenburg, 1964). 

With more highly organized tissues and cells, the act of cooling 
itself can be expected to induce dislocations in interrelated enzyme 
systems due to the differing temperature coefficients of these systems 
(Rinfret, 1962), Alteration of aldolase activity has been reported in 
mammalian blood serum stored at low temperatures (Lehmann, 1965). 
Freeze-drying of nonviable human tissues, as developed by the Tissue 
Bank of the U.S. Naval Medical School, has permitted long term storage 
(several years) of these tissues in a state suitable for homotransplantation 
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(Gresham, 1964). The primary advantage of freeze-drying over the usual 
freezing methods for bone is the avoidance of prolonged low temperature 
storage (Pappas, 1968). Also, some differences in graft acceptance 
between freeze-dried and frozen preparations may eventually be demonstrated 
(Pappas, 1968). 

Many viruses and bacteria can be very satisfactorily preserved by 
freeze-drying after initial freezing to -40°C and drying at -30°C. The 
use of 5 fo sodium glutamate and 10$ purified bovine albumin in distilled 
water or isotonic saline has increased the yield of viable microorganisms 
that can be preserved by the freeze-drying process (Meryman, 1963). 

Most viruses will withstand freeze-drying (Burns, 1964), but the unfreez- 
able water of cells plays an important role in cell viability during the 
freeze-drying of microorganisms (Nei, 1964). Lyophilizat ion is often 
stated to be the most important method for the preservation of viruses. 
Viruses that are lyophilized are usually stored at 4°C but, in many 
other instances, may be stored at room temperature. 

Methods for freeze-drying of foods have had numerous applications 
and have great potential for the preservation of many different types 
of biological samples (Werntz, 1967). 

Refrigeration 


Refrigeration generally implies the storage of biological samples 
at from +4 to +7°C. 

The preservation of whole blood by refrigeration, in the presence 
of anticoagulants, is a well-known method commonly employed by blood 
banks (Hurn, 1968). The changes in certain specific blood constituents 
after refrigeration for varying lengths of time have been studied. 

Blood platelets from human and other mammalian sources have been of 
particular interest (Morrison, 1968; Baldini, 1968). However, the survival 
time of platelets preserved by refrigeration is only eight to ten days, 
(Baldini, 1968) while the survival time for whole blood is 21 days or 
longer. 

The preservation of whole body organs by refrigeration has come 
under intensive study (Wolstenholme, 1954; Lillehei, 1964; Blumenstock, 
1967; Robertson, 1968). Cooling of organs sharply reduces metabolic 
activity since oxygen consumption of tissue falls exponentially with 
temperature reduction. Unfortunately, protection of organs by cooling 
alone does not exceed five to six hours for most tissues. Beyond this 
time, irreversible tissue damage occurs. However, a combination of hypo- 
thermia at 2° to 4°C and hyperbaric oxygen has allowed whole organ storage 
up to 72 hours in a viable state (Lillehei, 1964), Several groups of 
investigators have been able to maintain viable mammalian hearts at 
subzero hypothermia as long as freezing is prevented (Karow, Jr., 1969). 

The best results for heart storage have been obtained by perfusion of 
the organ in an interim host (Humphries, Jr., 1967; Webb, 1969) or by 
in vitro perfusion (Norman, 1968; Childs, 1969; Jacob, 1969; Malinin, 
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1970 ). Whole kidney storage has been attempted using one or more of the 
following methods: (l) hypothermia, (2) hyperbaria, (3) storage in an 

intermediate host, (4) treatment with metabolic inhibitors, and (5) perfu- 
sion with a suitable perfusate (Belzer, 1969). 

Human artery preservation by refrigeration for later grafting 
applications has been used for carotid and other arteries (Dale, 1969; 
Ross, 1969). In this technique, the artery is removed and immersed in 
ice water. The muscle and elastic tissue are removed by treatment with 
ficin. Then the ficin is removed, and the artery is tanned, so to speak, 
with dialdehyde starch solution. The artery is again washed and tested 
for leaks before being used as grafting material (Dale, 1969). 

Refrigeration of clinical samples such as urine, feces, etc., is 
covered below under preservation methods applied to mammalian specimens. 

Drying 

Drying as defined here refers to removal of moisture from a sample 
that is in any physical state except the frozen state. 

One of the more interesting and challenging aspects of drying for 
preservation of biological materials is "flash drying" (Gordon, 1949). 

The process involves instantaneous removal of moisture from materials 
in from 2 to 10 seconds by the application of a turbulent stream of 
hot air. It is quite common to use air heated to 1300°F for highly 
inflammable products such as spent grain, fine wood waste, and sewage 
sludge. Maximum agitation is fundamental, and the smaller the particle 
the more rapid the moisture removal. Flash drying systems are designed 
for (l) drying without disintegration, (2) drying with disintegration, 
or (3) drying and pulverizing (Gordon, 1949). 

Evaporation techniques from temperatures of 20° to 100°C are widely 
used in industrial food processing (Flosdorf, 1959). A variety of equip- 
ment concepts for this technique have been explored (Flosdorf, 1959). 

The drying of bacteria by cloth drying and spray drying gives a 
50ffo viable recovery of organisms with a storage half-life of greater 
than 700 days at 40°F (Foster, 1954). Inlet temperatures on the order 
of 140° to 300°F with collection temperatures varying from 50° to 140°F 
have been tried. A variety of secondary drying techniques have also been 
applied such as vacuum drying, package dessication, direct contact with 
silica gel, and filter cake-air through drying. Regardless of the drying 
method used, complete removal of water markedly reduces the recovery of 
viable organisms (Foster, 1954). 

Heat drying of foods, or similar materials, is often combined with 
other processing techniques such as concentration, homogenization, 
pasteurization, dilution with carrier, blanching, cutting or piercing, 
or treatment with antioxidants (Morris, 1947; Evans, 1965). 
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Chemical Preservation 


Chemical preservation is used here to mean inhibition of bacterial 
or fungal multiplication, prevention of cellular change, or preservation 
of general morphology. 

Chemicals for sterilization and preservation of biological materials 
have been in use for thousands of years. Lawrence and Block (1968) 
discuss the fundamental and practical aspects of controlling bacteria, 
protozoa, and helminths by both chemical and physical methods. These 
authors also include methods for spacecraft sterilization in prepara- 
tion for a landing on other planets. Several testing methods for measur- 
ing the effectiveness of chemical disinfectants and preservatives have 
been developed. A variety of mammalian body exudates have been sterili- 
zed with various chemical treatments. For example, saliva and oral 
tissues have been sterilized with liquid ethylene oxide or hydrogen 
peroxide (Williams, 1962). The storage of mammalian waste products in 
space flight has also been described (Whirlpool Corp., 1964). For this 
application, solutions of solid germicides such as 8-quinolinol sulfate, 
sodium orthophenolphenolate mixed with sodium chlorophenolphenolates , 
and neomycin sulfate plus myrislyl gamma-picolinium chloride were used 
for stabilizing wet or dry wastes. 

The use of antiboitics for preservation of foods such as cheese, 
fruits, meat, poultry, and fish has been used extensively (Collins, 

1967). Salt is still used to preserve food stuffs along with propion- 
ates, benzoates (Collins, 1967), and sorbic acid (Luck, 1969). 

The use of chemical stains to preserve the morphological detail of 
specimens for conventional and electron microscopy has been reviewed 
(Sternberger , 1969). Specific areas of histochemistry have also been 
extensively studied, such as lipid histochemistry (Adams, 1969). Histo^- 
chemistry has been developed to include a great many very specific 
chemical detection reactions for preserving the desired material for 
later analysis (Lewis, 1962). Plant histology reviews are also available 
for evaluation of methods for preserving the structural details of plant 
material for later study (Chamberlain, 1924). 

The preservation of biological specimens for gross observation has 
reached a high state of perfection with the advent of modern plastics. 

The work of Lutz (1969) summarizes the preservation of vertebrate, 
invertebrate, and plant specimens by plastic embedding. Various workers 
have described methods for preservation of zoological specimens 
(Wagstaffe, 1955; Costello, 1957), invertebrate animsls (Galtoff, 1937), 
botanical specimens (Purvis, 1964), fungi (Sparrow, I960), and algae 
(G. Smith, 1950, 1951; Florkin, 1969). Chemical zoology has also been 
reviewed (Florkin, 1969). 
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Radiation 


There appears to be no doubt that freezing is the current method 
of choice for the preservation of most biological materials. Radiation, 
however, may in time become a serious competitor for the preservation 
of biological materials. 

Radiation has been applied mostly to the preservation of food 
products. Pharmaceuticals have also been sterilized by radiation 
treatment (Brownell, 1968). Ionizing radiation can penetrate through 
considerable depth of product, even after packaging, with little rise 
in temperature and usually little chemical change (Lawrie, 1968). The 
ions and other activated molecules that the radiation creates are only 
the first events in a series, and form, for example, free radicals, 
polymers, and peroxides. With a dose of 5 Mrad (approximately that 
required for microbial sterility), there is a marked loss of water- 
holding capacity and change in the behavior of isolated myofibrils in 
meat, as well as a change in all pH values in the physiological range 
(Lawrie, 1968). Radiation can eliminate Salmonella and various fungi, 
particularly molds, from any biological product (Lamade, 1968). Either 
or both electromagnetic or particulate radiation can be used for sterili- 
zation (Wilson, 1968). Although complete destruction of microorganisms 
in food products by radiation is possible, a simple controlling dose of 
radiation to limit the multiplication of microorganisms is a more likely 
application (MacQueen, 1969). Very few foods can tolerate the big 
radiation dose required for total bacterial death, as such a dose pro- 
duces off taste and odors (Sutton, 1969). Special reference to irradia- 
tion of wheat, potatoes, and onions has been made by the World Health 
Organization (WHO, 1970). Fruits and vegetables have also been extensively 
irradiated (Holdsworth, 1970). 

The Above Techniques Applied to Mammalian Specimens 


Special emphasis has been placed on this topic in present and past 
space flights, and several reviews on this subject are available (Winsten, 
1965; Fraser, 1967; Spacelabs, 1967; General Electric, 1967). Below is 
a general summary of their findings. 

Mammalian and related biological samples in the form of gases, 
liquids, or solids require several different methods of preservation. 

From the reviews quoted above, it is evident that freezing, lyophili- 
zation, refrigeration, drying, collection of gases, and certainly 
aliquoting of samples into containers containing special chemical 
preservatives are all required for complete sampling capability. 

Specimens that will need to be collected are whole blood, serum or 
plasma, cerebrospinal fluid, urine, feces, and sweat. Also, specimens 
from the nasal passage, mouth, throat, and skin may be required. In 
general, untreated specimens are not acceptable for analysis beyond 
brief periods of storage, with the exception of inorganic constituents. 
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Except for metabolic studies, blood specimens should be obtained 
after an overnight fast or at least four hours after a solid meal. 

When a substance to be analyzed occurs in blood, serum is usually the 
preferred sample form. Serum samples should be free of hemolysis and 
should be separated from the clot within two hours after collection. 
Heparin, oxalate, citrate, and ethylenediaminetetraacet ic acid (EDTA) 
can keep whole blood from clotting for a number of days. Plasma is 
required for analysis of animo nitrogen, antihemophilic globulin, fibrino- 
gen, fibrinolytic activity, plasma thromboplast ic component, plasma 
volume, and prothrombin activity. If blood cells, and also spermatozoa, 
are to be frozen, cry oprotect ants — such as glycerol, DMSO, PVP, or 
dextran — are required to prevent injury from freezing. Even with these 
additives, white blood cells and platelets are, for the most part, 
destroyed without special handling techniques. There is no single method 
that can be used to preserve the different cellular components in whole 
blood, but rather each component should be separately isolated, and 
then each preserved individually according to its own characteristics 
to minimize destruction. 

Hematocrit; karyotyping; platelet adhesiveness; platelet, red 
blood cell, and reticulocyte counting; clotting time; clot retraction; 
white blood cell differentials; white blood cell motility; and phago- 
cytic activity cannot be measured on whole blood that has been frozen. 
Blood smears made from fresh whole blood treated with anticoagulant can 
be used for reticulocyte counting, white blood cell differentials, and 
a rough platelet count. The measurement of blood pH, pC0 2 , p0 2 , ketone 
bodies, clotting time, bleeding time, number of blood cells, and clot 
retraction appears to require real-time analysis. However, gas samples 
can be stored in glass or metal containers for later analysis, and blood 
smears can be made for counting many of the blood cells at a later time. 
Whole blood absorption on paper for later analyses of hemoglobin, alka- 
line phosphatase, glucose, phenylalanine, cholinesterase, uric acid, 
urea, ketone bodies, bile pigments, adrenalin, peptides, and nucleotides 
has been tried, and the method appears to have long term storage capa- 
bility at room temperature (Comstock, 1966; Rice, 1967). Antibiotics 
have been used to prevent bacterial growth in blood (Bayliss, 1954). 
Lyophilizat ion and spray drying have been used to preserve plasma and 
serum. 

All organic chemical assays should be performed within five hours 
after sample collection if possible. If this cannot be done, then the 
sample should be refrigerated between 2° and 4°C. If the dalay is greater 
than 24 hours, the sample is best preserved at a minimum of -12°C. Most 
substances of this type, when frozen, are well preserved with the excep- 
tion of some enzymes and proteins. Freezing and thawing denatures some 
proteins and lowers the concentration of other constituents. Thawing 
should usually be done rapidly in a 37° or 45° water bath. 

Urine should be refrigerated during collection with the required 
preservative present in the collection container. Slight acidification 
of urine, usually with boric or benzoic acid, is necessary to preserve 
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the structures of the 17-hydroxy steroids, serotonin, and 5-hydroxyindole- 
acetic acid, while stronger acidification by compounds such as HCI or po- 
tassium bisulfate is required to preserve the catecholamines and antidiu- 
retic hormone. Chloroform, formaldehyde, toluene, phenol, and thymol have 
been used as urine preservatives to retard bacterial growth. Freezing to 
-20°C with acid preservatives can meet urine storage requirements for at 
least two months. Lyophilization has also been applied successfully to 
the preservation of urine. 

Sweat and feces can be preserved for four to seven days by refrigera- 
tion for later analysis of most of the organic compounds found in these 
biological materials. However, freezing to -100°C without exposure to 
light is the long term preservation technique of choice. Lyophilization 
can also be used in some cases. 
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III. TABLES OF TECHNIQUES OF PRESERVATION 



ABBREVIATIONS 


abs - absolute 

ACD - acid-citrate-dextrose 
anticoagulant 

ale - alcohol 

a lk - alkaline 

amt - amount(s) 

app - apparatus 

approx - approximately 

aq - aqueous 

atm - atmosphere( s ) 

ATP - adenosine triphosphate 

ATPase - adenosine triphosphatase 

av - average 

biol - biological 

°C - degrees Centigrade 

cc - cubic cent imeter ( s ) 

chem - chemical 

cm - cent imeter ( s ) 

compd - compound(s) 

cone - concentration 

contg- containing 

CPD - citrate-phosphate-dextrose 
ant icoagulant 

detd - determined 

detn - determination 


diam - diameter 

distd - distilled 

DMSO - dimethyl sulfoxide 

DNA - deoxyribonucleic acid 

DPG - diphosphoglycerate 

EDTA - ethylenediaminetetraacet ic 
acid 

exptl - experimental 

ext - extract(s) 

extd - extracted 

extn - extraction 

°F - degrees Fahrenheit 

ft - foot/feet 

gm - gram(s) 

Hb - hemoglobin 

HC1 - hydrochloric acid 

hr - hour ( s ) 

1 - liter(s) 
liq - liquid 
max - maximum 
M - molar 
mag - magnetic 
mg - milligram(s) 
min - minute(s) 
mixt - mixture(s) 
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ml - milliliter( s ) 
mm - millimeter( s ) 
mM - millimole(s) 
mon - month(s) 
mOsm - milliosmol( s ) 

Na 2 EDTA - disodium salt of ethylene- 
diaminetetraacet ic acid 

NaOH - sodium hydroxide 

no. - number 

org - organic 

pH - hydrogen ion concentration 

phys - physical 

physiol - physiological 

physiol saline soln - physiological 
saline solution 

powd - powder 

prepn - preparat ion( s ) 

PVC - polyvinyl chloride 

PVP - polyvinylpyrrolidone 

satd - saturated 

sec - second 

sol - soluble 

soln - solution(s) 

temp - temperat ure( s ) 

TPN - tr iphosphopyridine nucleotide 


v/v - volume by volume 
wt - weight 

w/v - weight by volume 
yr - year(s) 

> - greater than 
< - less than 
\i - micron 
\igm - microgram(s) 

(Jtl - microliter( s ) 

$ - percent 


UV - ultraviolet light 
vol - volume(s) 
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FREEZING (Continued) 
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from liq nitrogen by decanting, that generally 

placed In cardboard boxes filled after storage : 

with liq nitrogen^and stored in glycerol, 

a liq nitrogen freezer. 
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FREEZING (Continued) 


111 

o 



u 

*-» 

z 




cc 

UJ 

in ^ 
P O 


^ 0) 

ui 

(C 


Pool 

(196 

>> to 

2 p 

o ’p 

z 

in 

c 

in 

c 

jj ( l 

v> 5 

■H 

p 

p p o in in a, 

3 o 

sg 

£ 

3 

<M 

> o © p p c m 

S o c © fti c 

111 LL 

e 

C 

m xj a. © p © 


w 

E- 


Pre 

of 

con 

otl 

ret 

foi 

fU£ 

pO£ 


©GO 

n 

T3 1 

.88 


^ UH - 

■- •- S H 

0 p JQ ^p - p 

Q Q 

w - o u a 

o n u oi cj 

an N 

« S 73 © * 

p o o o) a 

rH ^ a & rj 

« - U £ m P in 

< ^ 

« m © © c e 
_ c c a E 

Q © -H -H P 0 

gPM-OH m © 

Z !» 

rt «H J* J* Q *H 

Is 

P P < 

O -H c a c 
h « « Ed 
• -a © © 

aakapx; 

£ o 

« u 10 _■> 

rt c J* o 

o w 

111 CC 

1 « II ft O 0) 

P P bO G &C 

ACD solr 

normal 

citratec 

citratec 

5.9; sup 

ma ; poo] 

plasma 

« C U © © P © 


Abbot 

centr 

trifu 

tion 

Glyce 

adenl 

Blood 
lecti 
bags , 
trans 
aceto 
glyco 
tubes 

ACD s 
adeni 



u 

75 ■ — 

© 

° 2 j 

4-6 

« 

p © 

ft. 

z 


£ © 

> 




1 

n B >> 

C 1 p P 

> UJ 


rt 

© © © 
E S T3 P 

> 1 


N 

p © a 

3 ' 


O 

o ft a D 


A 

N (n 

w » p B 

z 
d g 

H 

c 

© 


IMAT 

:rva 

TIME 

X 

s 

> 

bo 

ft. 

43 

W ffl 


♦? 

« 

£1 

< 43 

S5 

r-4 


w L m* • 

I <H £ 

0 P 


p © ih - ck.no 

a S o. c op* i-» 

C P 05 ©pHp© © 

cs fimm ft h h m ft 

m pop® © o c 

apo,©c©mo_p p 

Z o 

■o^-p.-tuoc.oorHe'O-o 

Vi +> TJ 0 «H o U pD >f> 

•o & UI 

5 K 
5 ui 

ft. » S G _ 43 *G O P O X5 

© p p o * “ 3 2 d h 

0 q* u 0 )rtrt^rta) 0 >QiX 

O 5 
O K 

P43 73 bDOaP43,G 05X50) 

m p © p p o £ h H £ 

ftftftXftHftC OP 

PP o N ft PrH© 

as 

T pre 
cryoj 
The 
oprot 
eserv 
com pc 
than 
be 

Dnsic 
’banli 
is th 
of t 
ents. 

C 3 
oj O 

mmPO^ftift.© OOBO) 

«U«ft£>ilftO£H 

X tt) 

5 < 

p a e ft. o -i xj p ai 

a c 3 -h ft *o <h c © 

a-Om »00 OX ftH 

mo • >» ft. D o ©c 

pp'OmUa’Oft.p ©■oop 


eUUQl HV(DT5bC(Dio 

I -M > 

Q Q 0 P -00430PC03S 


toTrti+JSws«rt , w3>-t’in 

cauu^apMBOtQ^Hcdg 

U<J5+J0rt^20«*HU]^«O 1 


0 ) I 

1 Ui <4-* £ +j 

*h i ft< *0 ft £ s a 

r 73 


w rH a <n a 

od i 
pre 
II. 
acto 
ecte 
was 
ros 
wit 
il p 
d 

zed 

reel 

was 

temp 

ts. 

PO m ft. ccrn x:- 

O 

h ft tc a © in p 7J 

p p ra p c u 0) 

a p >ft. amft. © 

iH p ft an o -a p © © c p 

X 

00)0 73 p © a 

ft.PGtfl©PPft< 

as go 
VCD in 
tor VI 
of F 
Ly aff 
field 
0 and 
jH 6.8 
is unt 
Ldifie 
itrali 
cryop 
VIII 
room 
iiluen 

43 O CXSPCXJftfcPC 

ft UP ft a 030© P 

s 

© ft. ^ © a © a to 

ppapccppaapma 
p « p pa s a p 3 p 

o 

^ ih ^ | ^ n h 

P^OO©^® u ft ft H ft ^ 

m p p 6 -oaamCft.© 
p a o pxo^prt oft. 
o » cft.Pt5 apxspo. 

z 

® l) o a a c «’ 0 ) 

dnfepftijsBGiSffl Op 0 

p 

■ !o p ■b p 

o a ft ti oj > a h 

■H p <H P > 3 0PX5©C!rH>, 

OP-O P « XftftnXfP 

©mbOP- pp 0 >, ►> 

-OROOpP ■ P o © Xj H S 

? 

<J> P O S E S P oa 

P P 1 ft £ ft V 

papcjpma©4< 

Pft4 Qo-csou-ot^ rt© 

p©pcSp’ 0 > p oo 

5 


H <D U -M +J -H 3 Vt O ** 


An av 
were a 
lents 
at -80< 
89.23% 
fusion 
were s 
for se^ 
ing if 
4°C. 

rt fta ft j g ° ftti'*' nx 0 >I> 

o 3 £ Pr-t 

> o m p >, « p • « £ +j ft a 

a p ft >im U o « p a p 

Adenine 
VIII. 
moderat 
and fit 
ma , but 
factors 
unaffec 
VIII ac 
each ur 
from dc 
therefc 
satisfy 
prepn 


o c «o>x3 > p c go a»ppp 


73 to 

0 0) C 1 

be jt p © x> 73 

© 1 P TJ 

£ © mo 

P ft* E © 0 



3 0 » e i « » o 

«H G O tJ p +1 CJ P 

f 

op 

ro 

re 

t 

bl 

of 

© © ©a-oop-ooox;® 

o 

P P N © 43 $ X IS 

ft. 03 rH TJI S P 73 E -P U> 

o >»«H © ft. 

•a u » o o o 

a • a ►* 43 o b v in o 


E?^3oScN-HCm^ 

©OOP P P 

TJp_pmm_P • 

oo 

o 

CD 

In 

re 

a 

me 

ri 

V 

fo 

a 

to 

o 

ta 

2 

u. 

85| *** | 0 as 

© 1 b §■ 2 3 £ * 1 -O £ 

d)pCp©boQ«in 
Ep°>p«yft.p 
•a a xj < • 

in p rt ft p © f~ 

e bl 

tg 1 
D, A 
aden 
re p 
lasm 
1 *s 
fib 
tors 
per 
ates 
sma 
had 
subs 

z 

P © 73 © © 43 G p 

» C ft IU> « 

wa 

ac 

tc 

pi 

ic 

of 

th 

1: 

vhol 
con 
AC 
CPD- 
3 we 
of p 
Poo 
for 
fac 
were 
ipit 
pla 
nine 
ese 


wxia tn ,H<M6t?ffl 

a o p p 

C ft H # u M o ft m 

Q. 

E 

8 

O CH o H-H -P s 

a p c o p o ft ft a ri 

l»OOP©073PPP© 
p m p p O oo G 43 p e 

ooa&,©appo 
p U p P p £ 

pQx;p a a a x; 

B P, ft O 0 _ ft ft D 

m •• © p m *o op©43 

P Um-OPP 0 >> G X © C *0 P 

o a p c a p aa ft. a a 

LU 

Q 

v a n So a p 

P to P • 0 © <H P 

MOP >i C O 

p ft C ft P ft - 0 

P P 1 0 O X3 h- p 

m a pSomccoapo 

uj 

m 

A specia 
bowl was 
centrifu 
glycero] 
glycero] 
slowly t 
slowly w 
the same 
effect o 
olism, v 
survival 

in 0 p p ’Op * X5 

© © p ©to 

> P p d ft. o 

§ .s is s s s . §a y 

0 ft. © P p. S © 3 © P 


poppoo.© 1-1, 
p a a o © X) m Q 
cpppp >. 3 a 0. 

43&P©OEPtOPPP PX5 

be a p c p m fl © a a 


<©&U£5aPfrO 

wiaacop E^a>op> > 

UI 

4-> 

U T3 



_J I 

p o 

« -a 

c 

a ’O 

z « 

520 
o s 

X 

o 

c 

►. a 

2 § 
m 43 

T> O 
2 

2 c 
m a 

■o 0 

>. 2 
p 

43 g 


2 73 

£ i 

£ 1 


fo © 

h X5 

fo 43 



© 

U 

1 

£ 

z 

Z O 

© 

a 

o © 

£ H 

a m 
o © 

u E 

UJ U 

& JS 

o 

•a t> 
o © 

0 05 

• oa 
10 

•o a 

O P 

o o 
^• s 

p 

73 a 

O P 

0 o 

p 

• ca 






I II -22 




Ill -23 


g 

O CD 
<m ir» 


li' 




I -I 3 O 

0*0 10 C H 

X3 3 P fl X> 

a p o 

S a 0 0 c 

w MO « 

POP* s 
op© G Ck, n 

4) P O 6 « 

H (|IH *j ® H 

w g o ■« p a 


D Q 
Z HI 

<3 


a m xi 
O a XI 

sue 


© a c a 

0 P P G 
g © a © 
t** e p e. 


£ <2 


5? , S 

? 8 « C 

6. «h e u 

i % s 

a E *5 £ 

y © p p 

P p 

p m y - 

a x -h £ 
i « p p 
O 0) 63 
+» h fl fl 

3 O 5) • 

e# p a G 


co bo p > y 


~ y 

£ g 
o 3 


“* “ >5 t 
O ft, O i 
ofi ft M + 


© a £ - 

3 £ - o 

0) O 0 N 

M A Ml fl) 

P ft 3 O 

fi g P G 

g p g 

B U P 

ft 0 ) c U a 

O P 0 O G 

W o o p o 


O £ ID 
iH rH 

ft 0 


OC 3 
ui O 
X CD 


0 B I C r 

c © p a scd 

© » p © a p g 

► fl 3 05 g © , 

P h <H H o H ® » | 

bo © a p ft £ 

ft 0) > o p a 

a a > 3 £ « r 

© a p p p a - 3' 
3 p a 3 a 3 ih i 

iHmaco^oai 
a p G p i a > i 

> £ a p y 3 3 i 

P ft u o >H l 

« a 3 c o a a ■ 

£COCPPflPI 

E-,poacox>»pi 


© +j 

p y 


c a 

0 t-i X a 

e c a «h 

p ft o p o 

P • E 0 

ft 0 p p £ 

" p y o p 

0 h M 

a -w - P ft fl * 

fl P P 0 0 

o g a a a p bo 

POM E « 

a -x 0 a a fl G 

T3 C a a a o 

O fl 0 0 p £ p 

p a bo p ft p a 


Si' 


•Op C p fl >» y 

0 P ft 0 P 

a O Xl » (C 'h 

3 * 5 j,“ 

O ft fl fl 0 p 

Xi 3 X3 X G P 3 

P 0 <h <m . 

fl a O m a 0 0 
BCG U a be 
OOftMO TJ 3 a 
P 0 O 0 G 

a aaPN>pp 

6 3 0 P I fl P P 

a p a a 0 p a 

a a o pap 
pflpxaoap 
ft a p u o 

_ G P p C ft a 
3 P 3 > 0 P fl 
0 £ P N P 

P G P 0 p TO 

GOGyG 0 flo 

Qpxapfrap 


2 as- 

P ft XI 
C ° 


PM - £ 

c a ay 

M 0 o c 2 - 
c p c P 3 0 

£ 2 19 I -P 

y ft - £ fl fl 

fl 0 p p p 
C fl 


- O 0 
« C O M 

•o a c fl 

1 p a 

) G 0 3 £ 

« o w 0 y 

p a & 

£ g o 0 

U © £ > 


m < 0 p 
0 pa 

3 . 2 2 
p 0 a y 
ho a 


c 0 - p a -o 
ho p c a p p 
p O 0 XJ o o 

« c ho ft p a 


3 p p G 
Goa 

P £ £ P 
P y ft fl 
p a a 
£-00 
0 x: p 
-oq.p 
p a p 
0 P 3 c 
g x p be 

©HOP 

p a a a 


3 a 0 

p M a G 

G fl a ho 

0 p ft 0 

Q. G ►, 3 
3 .O . 

0 fl G a 

» p a «h 
OB 

a a 0 a 

c a p £ 

p £ ft p a 
p p 0 £ a 

a p 0 

ft £ 3 X O 

p G G y 

co p a 0 3 

m » o bo a 


a xi a 0 p 3 

ft o » p g fl 

0B ft i a 

a 0 B Xi 

C a 3 p N 

0 p a a a 
Go fl 

00 G fl •- P 

& 0 U P U 

a 0 ox) 

a a -3 p o 0 

fl 0 c eu a 

p g © © 1 a 

2 &p £ 

2 T} x £ c 8 
ft co c «m -a -a 
a 0 

o - ©GO 
P O x G O C 

1 0 P o P O 


0 a 0 E T3 

o ts a a 0 0 

fl a p o 1 

S A V G 3 0 

p 0 0 p -o a 

O a p p 0 p 

A a a a g 

. 0 w cn 

ft a G p 0 

gig . * 5 o 

P 0 P T3 0 P 

P 0 P X 
P 0 T3 G £ 0 P 


A a © a E 

a p a ft E 

X O 0 E o p 0 

a G 0 0 3 A 

•o m y p a a p 


a p i. 

E 1 a i 
a im 
a a 

•o «H ho 
0 TJ G 

S £ £ 


p fl a 
G 0 3 


G 


« X T) ' 
P C 

« at , 

ft - * 

c c 

• «H • 
<D ^ 

S 5 § 

P ft A 
A P 

53 2 

p p o. 


s £ : 

o © * 




COP 

2 o 5 

S §3 

ft y ho 


3 £ 

•o 0 

s * 

_£S 

i 2 s -3 

fttJ - 

o 0 *H ft a 


BOP 

a 0 ft o 
* 2 © c 

«T)H^ 
•O0 TJ 
TJ G 0 


p 0 e 
a TJ N X . 

0 X N fl 

a > P B 0 

0 O « f “ 


. £ a 

• fl £ P 

0 ft ft 


AS 


0 fl 
P o 

2 0 

o. a 


^ C O TJ 
I o a a c 
> a p a - 


0 xi co c P 

&S O £ 2 

a p 0 ft 


5 2 

O G 0 

i«! 

x: g v 
o 

13 P p 

0 a 
p tj o 
a 0 p 

G a fl 

p 3 p 
o a y 


p a ■© 
G«p. 


51 

is 


TJ TJ 3 » CJ 
0 0 0 0 & 0 O 
a ho G X p G O 


s ** 

ho p i 


E p CO 

o TJ 0 

G 0 P 00 3 

p « a p 0 fl 

B fl 3 0 0 

0 P 0 P » •* 

x G e c u 

a a a p a o 

p ftp a 

0 3 0 

a £ a 0 p p 

a a 3 p a 

•s x j P G 

xi > o co 

3 a p ft 

O a b 3 

0 p a X U 

p a a 3 p o 

£ G P fl CO CM 

ft a CM 

<H P 

OP 3 • P 

3 • 0 a a 

p 3 0 p fl 

E a ho a o 3 

fl G P 0 

o 0 p a p G 

P P G ft G O 

1 a x 0 o p 

in s a a ft a 


gS-$ 

O p a a 
a 0 

ao p «w 
O ft o 

p 1 p 
0 a 0 • 
• G 0 a 
CM 0 fl P C 

£ O «H P 

- ft 0 0 
P 0 3 P 
G 0 0 p 
G P B £ G 
O O G P ft 
POO 

P P 0 fl 
O W G C E 
O 0 P a 

S . a iS 

« 2 © 0 . 


P o 3 
o hfl 6 
000 


2 „ 
3 3 

£ A 


III -24 



d o 

© t* 

XI 05 


5C 


O P P 

^ a o 
3 P « ■ 


rt 0 P 
d X O 

can 


O Q 
Z HI 

<3 


a d 
a © 
cs ho 


5: a 

D < 
O HI 


© HI X> 

P © 

H fl h 
0 3© 
y p p © 
« 00 
TJ in 5 3 
O to *h 
O rt © -h 


p p TJ 

seji 

y p p 


o p 

Odd 

POO 


| D 2 
I £ < HI I 

I-r 1 

£ ffl 


d i-i d «h in 

p o o -h c p 

e o P d o P -o 

P P P C 0 

O d O C p 3 0 

O O © © « p 

p p p o Mir o 


Z o 

n 


a 3 © rt < 

O-I tn tj c -I 

i < c o 3 £ ^ s ! 

T3 p X © *0 f 

© P X 00 © W * 

d si d © d V. ca « 

© p o t>o d p o l 

a y 3 to x p p t 

rt T3 *h y in m o « 

a © © p a d < 
xi pi d x ^ m © i 
m p p p y p y 
p d p d p d p >, i 

X UH ®£ o 0 )H ( 

Eh tnJos'nyhofii 


-I s 

rt 

C tn 
© rt 


© O > © rt 

v © i *o 

O ho P >» V. 

© d s t* 
•o -H © C (N 

X3 E © O 

d d >> 

O © N C O 

E a d p 


o a to P Vi 

a v i fi o » 

p d o o d © cj -t 


d n 


3 0T5 
I Vi © 

<T <H V. • 

P © 

tn 3 E 

P o <H 

-.«©+» 
© *» © Vi 

T3 X © Vi fH 

O P © d rt 

o XI © Si 0 P 

-< —i p a d o 

X 3 rt 0 p 

O H +J t 

© o a © a 

P P © P 

o Vi p © H E 

x o o p tx 

) C tl S CO 

O d iP P O 

tr • OP a HI H 


i p d c © d 


rt >> c 

© P P 
d P rt 

y > E 
a -h © 


■3 X 

- © a 

d d w 
X d o 
© X 

© <H Oi 


x> © p 

© 00 rt c rt 

tn p to © © 

rt d rt 3 d 


■ XJ © O 
©©.Ed 


in p c 
rt -h 
rt X 

a -o 

dm© 
pop 
d x o 
O a d 


a © e 

3 x © 

P P 

a 

end 
© rt o 
P ■* -H 

P 

£ O rt 
0 0 X 
o t- 3 
d n y 


a d © -o o d © i 


•h d <o w 

© © . P 

>, -a d in x 

p d o >> p 

p 3 © rt 

> -o -a d 

P d © 

•P x TJ to P 

y c t p 

rt to rt (3 cl 


>» © 

— -a d 

X -h « 


d 3 © 

O 0 d 

X X o 
Eh tn E 


>> in p 

-toad 

— t p © o 

© « rt X «- 

X O X 

p p a e © 

d tn 5 d 

d p 0 d © 

p p X © 3 

O a tn p 

d 0 

X <H c -P 

♦ o o 

tr d d 

I o d © © 

n -p p "O -tj 

rt © « c 

d d -a e 3 

o © 

to p © o 

- -H 3 X O 

a d <h o 

E *M © >, 

© © tn a -p 

p d 3 g rt 


bo to 
3 p 
O X 

£ ** 


i cn T3 <v in 


E d © p p • 


0 bo tn © a 


in © v £ p 


o tj d m p > © 


I X tn E U rt 

0 © d tn o © p 

rH X © n iO p < 

1 • 3 X P p © 


O p I © 
vt in -h x 
© d y 
•o d p n 
© © S P 
X X © P « 


in © • 

© p . 
X) © 


P «w - d 

d to tn 
© p rt © 
X d X x 
© 3 

d y x) p 
rt o 
y x o t> 


X p X d y -h 
p tn o 

d o d in © , 

d o p o p to d 


i E p © O 

in X p p 

s o to a tn 


c m c -a 


y T3 
© © ; 
a tn 

m o • 


3 0 P tn © t 


; © "O o a 

> u © y in 

' T) 6 © m 

I © 3 X © • 

I d P Eh d . 


XX- 
© 0 "O 

> p o d 

» rt o n « 

d in 

3 © p - - 

I > rtO d 

t © to X 

> tn © co 

I d 00 

id© - xr 
I O >0 

*w O 0 

) in p 

< a © <p i 

> E p o a 

t © a 3 

p 6 a 

* « E d 

i E m © o 

JO P <H 

I O TJ 

d O 0 O 

* O p 0 


■o I 

© <H 

d © d 


in d © 

© X 

E -D P < 

e§di 


i p © tn "O 

! P X O d 

V tn Eh a rt 


in o *0 p 
X p © d 
in E > P rt 

© o © u a 

d d d © © 


>i X 
P © 

x d p 


( D 
2 


o x 

ui u 

a. tn 


III -25 




FREEZING (Continued) 






o 

z 




LU 

cc 

UJ 

1L 

c 

8 co 
p m 

^ 00 
© LO 

tn /-> 
© w 

c 

> <J> 

3 w 

t 2 

W 

> <n 

3 w 

z 

g i 

© o 

® E ^ 
3 m P 05 
P © 3 P 

a 

of 

ctiv- 

rozen 

rum 

D « 

O p O 

p © © 

CS 

cS P © 
tn » 

Z W 
111 u. 

o .c © 3 
E a J3 o 

H 3 A) JJ J3 
8 C 0 P 

1 

© © c 

5 &■-■§ 

3 N >> 0 


C 8 J8 >i V 

< m a a e 

w 

P C P P 
B « p £ 



1 3 
-IP© 

U 

QUIPMENT AND 
EAGENTS USED 

collection app 
ners , freezer 

collection app 
ner, large bot 
freezer, centr 
pipettes, cork 
refrigerator 

*s 30% bovine 
n 

s, ampule seal< 
liq nitrogen 
erator 

trogen 

Hi a. 

3 © 

s s 

5 8 

Blood 
contai 
ties , 
fuge, 
vials 

Armour 

albumi 

Ampule 

Linde 

refrig 

Liq ni 



i 

t C p 0 t- 1 g 

© o t o i p 9 


o fc 

CM 

CM 



wypatoaxocM 


< 

n 

CP P 

0 0 o 

° a c 5 c 


> 5 

3 

E O g - C 

3 p e 9 c © 

s 

D 

CM 

t p £ H > 

© U CO p O p 

> C 



M p p cs m bo 

in s 

Z 
Q O 
UJ 1- 




t < UJ 

S 

u 

Jp 

c 

6 


S 


m 

Q- 

h 





c I 

mm p 8 


P o 

5 ° 


tn > m p o 

cs , p p XS 

x: u p t cs 


it 

O 5 


a © js p p 

6 a a e 

© ts P O p 


o 

OC D 


a tn a a 
c © o 

p tn >, p 


X o 


td P O P c 


5* 


The 
of tl 
how 
qual 
a cl 
tory 


o 

p • 

>. t> SsC C 

p © c © © 

P <H P P XB 

^ M f 

© i 

£ » 3 

POP 

u i 

1 - 0 ♦ CS © 

3 c y bp p p 

© P P P - - CP « 

PbD©g©©CPP 
Xi pdintnOjcs© - 

tSPpPtSO 8 3 81 fi 

POftsc^OXcrcSO 

T 

UJ 

A c a p m 

a 3 p tn >» 

c 

d g o 

5 

o 

m m -o to -a 

CS c c 

© * © P CM . 

p © •a 
n tn o 

©o bOEE© p p 

*hCP aOCTJO©© 

1 

m cb p o 

© g M E ho 

p 5 c Q) in 

« ti p u p p 

3 o * 

P p p c 

8 O £ 01 

> U > 

ayp©CPbn©m©3 
© Oats p pgep 

©Pts»H©fihoc « 

? 

a tn o © « 

on © E © p 

C 3 M 
© O O 

Cp - ta o >t p E © © 

8£ tl »(£ H S UTf 

5 

O 3 h >> p c3 

XB O P N 

a o e p -o 

> o p m 
p u a 

tn p © & 

8Ptt«HJ£8)tl3SC 
> 3 O © 0 »t 8£P 

© xiuxjypcay© 


3 .Q £> *« 

p © v< o 

© tn 

P © u P 

©bp-aoap u p 

tt c 4i p tn p p g © p 


O C 3 13 0 P 
< p 0 H p tn 

X tn O C 

W 3 P © 

cjsopxxtcscsopa 

EhOO©oo.ppz:p'p 


0) » P 
£ «l U 1 

ireparing and stor- 
standards were the 
L) Pooled serum free 

icterus, or li- 
Llected each day and 
2 liters were accun* 
pool was thawed, 
and mixed thorough- 
quots were stored 
ils at -10°C with- 
:ive until needed 
erum, 2) Pooled 
filtrates were 
er glucose anal 
id and were packaged 
ke the pooled con- 

0 Standard 6% 
m soln prepared 

30% soln, was pre- 

1 aliquots and 


o 

o 

p a Qj m 

1 © P O | 

S <h p p x: p 

a o tn a> a p 

© n 

*6 x 
o o 

r-4 *H 

I 

h* 

UJ 

5 

« 00 P » T3 « 

E to jq p > 

M EH “ 5 

E © cr 
tn 

CM -c 

. TJ © 

O 

z 

* 8 5 o § S 

B 8 90 » 

3 uhu) « 

u O © P M ►. 

D G i cs p 

m q> tn h p 

C S 8 
p tn o 

o 

cx 

CE 

3 p © 
© 3 
y a © 

a 

UJ 

O 

3 © 3 © p p 

4J C « P 

«£ 8 B o 

>> P 0) C « 

ods for 
clinical 
owing: 
emo lysis 
a was co] 
en until 
ed . The 
rifuged, 

2 ml alj 
orked vis 
preserval 
control 
e in- free 
ected aft 
perform* 
stored 11 
serum, 
ne albumi 
Armour's 
d in 25 n 
lgerated. 

S 1 s 

a in 
in © . 

tn tn p O 

E 

m 

P P © N © 

O » P 0 N 4) 

B © £■ O « ■ 

© p p p U a 3 

« © a o 

9 1 i § 


£ C n p p © 

C © p « a p 

o p C rt p x: « 

Meth 
ing 
foil 
of h 
pemi 
f roz 
ulat 
cent 

iy. 

in c 

out 

for 

prot 

coll 

were 

and 

trol 

bovi 

from 

pare 

ref r 

0) C3 X 0 


mmmiUHim 

co jg h p 



© 
1 c 


a. 


U P 

© > c 

c 

_i S 
< < 

© p 

N E p 

« 1 & o 

^ 3 

u o 

z w 

zz g. 

i 8 «t ” 

3 0 

§ o 

O P 
E h 

X3 O C 

.-OP 


o s 

cc 

o 

4> g © 

A 3 O 

etc 

S pp i 

0 ft 0 A 

A C 
tn n 

© i 


55 « O 

tu tn O cs 

(K A 

z 

Z O 

( 

g 

g 

i t 

C 0 1 

tn 

0 

01 

u cc 

UJ o 
0. (A 
« UJ 

o 

9. 

Blooc 

0. 

Blood 

Blood 


in 

CD 

cs 


I 11-26 






FREEZING (Continued) 


10 (< o t m 

i o «-» a a 

^ «h .a to t4 


l V •- x m « 

1 o o o 

v o -a © 

< ih o i-i a -p , 


•a d 

o o) a T3 
o e ts © 

•H -H O >> 

.a o n 


■a o -h 

B H ffl 
O 3 •*■> -*-» 
■2322 
ca m a ft 


3 5, *> c a < 

u n o -*-> © < 

0) C © U r 

in © ft "O ft i 


1/1 8 MTJ i 
a-HCfflS- 

* -2 tJ F ® 

E M C n 


tn sz o jz +j 

n a a/ o +j n 

« m ao -h 

o w o £ -H 

■o £ in d 

d ft 6 i v in 

ts d © d d 

m K in t3 -h 

© o -a a> . 

> 'O 0 1) 1/ »< 

o -h o © 

u h o o h 4-) 

© >» rH +J d «H 

DS ft ft n o d 


o d o o -»-> 

o i-< ^ d 

0) ifl v v 

2 S * * 8 

00 © 4 J bo O 

© « d d o 

t C -H 

© ft g d £ 

sz fl) « ,d o 

f-c T> 4-> +j g 


4-> d 0) d 
Si u 3 -H 
O « -0 


ts © +J 

S bfl d d 4-> 

d d ft © o 

"O d 0 o d 

d u u d ■m 

o ft o 

« H OH) 

a> d <d js 

w o u h +j 

•h a/ o 

7 d s >h d 


© d -a 
■o © 0 

3 j: o o 


n - ho d 

>©030 

: <h o d i-i 


III -27 
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from the kidney. This technique 
kept wt gain and protein loss in 
the kidney to a minimum. 
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planted into the subcutaneous implants, 
tissue of rats for up to one yr. 
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fused with autogenous plasi 
diluted with balanced salt 
at a rate of 20-50 ml/hr. 
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each sample was plated 
hr for 4 days to test : 
bacterial growth. 
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bacteria were then lyophilized, while the D- or the L- form onine, allothreonine, 
and the protective effect of the alone had almost none. The tartaric acid, serine 
various compd was assessed. optical form of tartaric proline, and pyrroli- 

acid serine, proline, and donecarboxylic acid 
pyrrolidonecarboxylic acid 
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LIMITATIONS OF METHOD 

Highly active nerve growth 
factor loses potency on 
storage in soln. An equiva- 
lent response to that given 
at a cone of 10 “ ^ g/ m l re- 
quires 10“ 10 g/ml after 
storage in saline at pH 7.4 
at a cone of 10 mg/ml for 
6 days at 2°C, but this less 
active material can be stor- 
ed at pH 10.8, even in very 
dilute soln, for up to 10 
wk without further change. 
Freeze-dried nerve growth 
factor is more stable but 
activity falls to 10“ 10 g/ml 
after 12 wk at 2°C. 

Electrophoresis of fresh 
protein showed 8 distinct 
const itutents , while elec- 
trophoresis of lyophilized 
samples showed only 6 . 
Cathepsin activity was most 
active at pH 3-4. For best 
results cathepsin activity 
should be destroyed. 

Thyroid- stimulating hormone 
activity was still intact 

after freeze-drying. No 
comparison with nonfreeze- 
dried specimens was given. 




| P L fi 

It 1 d © C © P 

aoc «pip 

paw p>,pa©» 

p a fi a » n d 

3 O in u p ©op 

o © 

p 2 . u a k 

a © p o a i o p 



M U JZ C mo 

atnPbOPP.acM 

© Li 
M © 
P > 

o > m p 6 © >> 

3 « ® « >»p TJ a 

a m Lt p Li d m 


0 

1 

« a a jz o p 

a © © Li a 

P P 3 © 0 O h o © © © 

P O M H if © © P in M P 

B 

O P 

o d p p o a tn 

o m 0 © Li 1 a • 


2 

O 

B Li U © Li C 0 

5 © bfl fi 0 P O 

U a O H P P >© 

ft p u a u Lt 

> a moo 

ft p x'Sp o 3 p ^ 

©fKX>paemO©sa 

a k p © xi o 

POO 3 h h ©PMOP 

b 3 

© p 

o o 

p © 

d p p tn p n © p p 

aLipa©p©Nap 

0 m 3 sz a © p > 

p a Lt p p 5 c l h 


z 

Li E • m cm p 

o tn o /-% a o m 

OP« mHd ©m 

ja 0 © a oo a p • m 

2 z 
b" L. 

h # >U CO bOPO 

p m o p ® © o a 


H 

a. 

o p a © Cat) 

a »h o fi ih © c 

<h © -h a sh oo a 

P > a o © Li 

p • m c • be © > o 

osapLiPdap p 

sz © 

p p 
(3 

tn © u p fi B © 

O JZ • O 1 Eh 0 o O 

U p 0 © © JZ P P 


o 

Q 

UJ 

growth 
of Russ 
Led by a 
(descr 
materi 
late-buf 
1 or 10 . 
2 -dried 

Op * O P P P o o © © 

» ps^PLiPWiPp 

boo o<©am©am 

O. • bo a P bo ►. N E m 

p E a 3 p © 3 p • 

©'-‘'"v© - b t-i a © tn p p 

c >,.ce ppfe c 

0 «Pp3pLiOPO£© 
P © p pop ©UP 

©zj> Momrtmop ©C 

o ? 

© c 

>. 2 
.c o 

0 O p bo a * © a 

pco p auoo 

ca©>,©oovpLi 

rf h TJ fi P PO 

Od© © o a tn Li 

©0PdLiPH©O^» 
OPmo©tnPPffl« 
ppc jt papp 

>Liabfi OPBO 


ai 

© § «h 0 > ft ■ N 

> 5 P ,C P to t- © 

U C U +j P o © 

a d 
a o 



©©3©U.d®Li 

®>aeaaa<p 

<ppp s p 0 » aovto 

w a 

o a p p p a a tn 1-1 0 


«j 

1 I 

8 S 

p 

0 h 

jr o 




_i 1 
< < 
z w 

o a 
a 

I s 

1 3 H 

as z 

Qt tn 

© 

2 6 
*h m 

1 m 
3 


2 o 

* a 

© O 

C © fi. 

► 2 

m 

o 

■g 

°i 

o 

§2 

P P P © 
© > L j3 

© p 

> o 

3 

o 

S 

e 


© © Li 

> S © 

o o a o 
< fi p p 

J « 

a 

B 

q 






c 

o 

u 



O 

s 



z 


fi 

f4 

to 



o 

z 

7 O 

i l< 

& 

5 



2 £ 

£ 5 

be O 
P 

© u 

d 

•H 

P c 

p a 


X 

& IS 

o 

t< 2 
« 

p 

p 

• a, 

p b 
p 
• a 


& 

> 


278 

279 

280 


.j 







III-101 



LYOPHILIZATION (Continued) 



III-102 




LY0PHILIZAT10N (Continued) 



III-103 


cerin contg streptomycin. Th 
they were washed with saline, 
rolled on thin glass tubes, a 



01 to 
m 01 


X *- I 01 01 

P 01 O P d 

P O Vl 01 P 

y rl +j t) ® 

1-1 TJ O U P 

K 3 © 0 O 

0 P iH X U 

ft » v a a 


£ £ 


5 i 


O P 
■H +J 01 
P © © 
a o p 
P P T> 

“ 2 5 


a 


X P0 

a to 
v. Cl 


a d 
d a 


£ £ 
ppm 
d m © 


o o 

53 

Is 


5 0 

O P 

o « 


3 £ 


J.p* 

X a E 
. a v a 


© P O 

bC CJ 


v< p a a x 

- © o ra © p 

10 N U rl 111 

Ji P © - X 

n p o a o. © 

a p xp o a 

<— * J3 p O Vi © 

ha to m ft r-t 


■8 £ 


£ § d 
P ft O 

2 §2 
ft 3 P 
o W *0 
x a a 

X > »H 


2 a 


-S i 


£•§ 
■o P 


- X be 3 O 

© © 3 a a 

bo u p § > 

3 X ft 3 


d © p n a 


* x v a p 


2 p . 

11*1 

jl UJ I" 

CO m 

“s 


§8 

it 

O 5 


g a 


a m i 

■h a © 

O I P t4 

O 6 M © 

m 01 d - © 

ana u 

ft a a p 


• p ft 
n o 

n o p © 
© -h > 

o T3 P 

2 p O p 
3 in o 


©©PObobownP 

©Vippdaoa© 

pa&ppppp 

o a u Vi x p bo p 

v< a -e s 3 & a o 

aan'O'O'Osaa 


X O n g 

p 01 bO P 

^ d © x a 


8 S, 


SEP 
■ p 01 

u u o © 

X P IN P 


Vr © p 

© © p bo 
x > e p 

POO o 
no 

p tj Q • p 

0 © X m ft 

© c? © c x 
o a oi a T3 

P X a js o 

J o o p x 


i 


O I o 

P o • 

n a o 


.0X0 

Ci p x 


r § 


0 P N 
• O ft p 
© 0 u 

U P P 


•o > a - o 

C p p O PI 

a 2 2 8 « J 

d © 3 p « 

p o oi a ft 

OX E 
01 p © 6 P 

O X © 3 
n pax 
01 

u ■ -a d < 

© u © c © - 

Spo > a n . 

5$ 2 I 2 J 

a6 r a x *h 


© a pa 
M ui a c 


P <H x p ^ 


0 T3 fa fa P 

© © © < 

X P P P 

p fa p a 

p ■o a ft • 

P I 00 

p © n X * 

X N © p O 

a © fa p i 

P © O ft 04 

> fa a 

p « O o 
P o 
O C p m p 

p a 04 o 
n p 
m •a fa p x 

o © © a p 

p fa p p 

fa o © > 

o 3 a tn p 

S5 o x a p 


2 X o 

p a 

as > ■ 


> oi fa 
p « p i 
p o a 

o P i 

a a ; 

•a P r 

fa © * 

© ft x - 

POP 

a x o < 

ft to x ( 


SI § 2 

Vi 3 © 

O X U > 
p p a © • 
n p > fa ■ 
> 

n P Vi © 

© P © X - 
v, o -a +j 

a a § 


21 
i a p 


p p 

a p 
ft p 


Q © P 

a p p o «m 

, H 0 C © P 

p > c p p © 


a tn 
V 


■o p P E 01 


o a © o o 


m oi ft d © t 
a< d p oi 

o oi 3 t 
K p © -o 

2 SZZ1 

a o e o p 
a © 3 p d • 


X X ft X ft 


d a 
© o 

N X 

2 


2 g 


a g »^ © 
i p © o x 
| in H 

is ;£ ■ 

© o d 

i o p e p 

ix o o 

: p © C a 
bo p p 


p © 06 © O 1 

p T3 K E 01 

0 © P C © f- P 

> B E p 01 I a 


- © O i 

© V. 

P 01 P X « 

a o v - 

P O © 3 

Vi 3 V, U V 

© P © Vi C 

P bO ft © 


X o n p 
O o 
p a p 

0 p o E 
0 3 1 

01 01 H 

© p p 
H (it O 
a m Vi ■ 
E o o 
a a 

01 P op 

© a 
p n m 
E © 0 ■O 
Vi P © 
POOP 
• ft 3 Vi 
O 01 P ■o 


p a a p 
p MO ' 
© T3 i 

•o a p m 
P Vi o P 
K Vi O 

0 P 01 © t 
P 3 P 

d © a p 

© Vi Vi © t 

a © 

fta< © 

01 ox 

S XP H I 

© X i 

j$ x m 

a o c i 
m a p o 
o © p 
x x a p 
a 3 a 


i 


P © E 
O X © 3 
a p u p 
a tj 

Vi d a P 
© 0 P h 

p n p 
a a p n 
ft E m o 
© v p 
p p U o 


•a p *o p 
on a a d p 
p a © a n 


p © C p 


■c -o 


2 t 
0 c 

tn uj 


ad 

01 P T3 


u a i 

a n 


I 11-104 




) 


to O 

he t* 

he <n 


N 

3 $ 
XS OI 




0 

P © 

d xS p 
he a o 


i5 I 


2 £ 


> S C XI P 

a p o o p © 

P o c o xs u 


| f2 
sg 

Q. ^ 

D < 


V N I 3 1 

a - © © 3 x: - 

d w © M p o o d 

a # h fl *H D M d d 

H <H 40 B > P 5 

Hi 3 P X! O h p ,3 

0 3. -3SttEXS©dO 
p g hp -h w be -p p 

p <3 rioi xs p m w 35 

•h p ”0 Hi as « e .. 

•h w >» h. - © s p 

tntt«c+>moP. 

> fl T) J "O » T! E ax 

O P 6 V » It S'H u 

>WHiW.JpdPP3 
d O'- * *h ff| 

-i ~ P 6 >» € O'- 


2 m 


O P 
■ 2 


- p o 

>< C *n 

~ oi 


_ J 

i a> 3 c 


g *H - p 

© W P 


P O £ >. O © •• ’O 3 d t-. -i- 

3-H«^na. <N ^yy +j y 

< > UD > PH E ' ~ 


£2 


P T3 

8ai 

.. „ a 3 

p p o o 
J f* « 


o d © 
3 (h d 
m p p 

X rH 

ss o a 
^ •a w 


. o o 

P hO . 

) d Jh 

H O P 0 

i P P P 

g a a a 
i n a o 
h o Hi 3 

H -o o o 


0 2 O rH 

e © p « 

oi a to 

01 o 

- P U V 

23 3 2 

wo o 

to - <H 

W rH d «H 

d P 3 
tprie 


•a e d o >> 

O 3 0 ►. >< 

s p a g XI 


W O t rH 

g ft > jo 


> » av n 


O O O E a a 


d c s xs oo o 


p a. p ^5 a. 

p o o o 

U Hi a O Hi 

<0 O O p p 

a p w oi ca 


d d p o d CO 

O h WO. 

U 3 h P Hi 

© P P O 
O 01X1 O P X 

P « P X3 T3 

p a o to p d ■ 

c ' xs d xs to © 

p a s o c d 

p o s P 01 O 

O p O 0 5 h „ 
•o oi p d p x; s 

s ©oft© 

O h a x a J3 

sc o to a p co o 


d o 

2 * 


0 ) N 1 s 
S © (3 © 
oi o ai n 
P Hi O 
a <h p & 


° 2 L 

01 01 P 
rH >> 


0 P © -. 

w oi u p 

M © P rH 

1 P P 3 

01 0 01 
rH d U © 

0 o a h 

X! P 
* p n f 

ej © 

01 X P _ . 

f2 *H 3 P 1 


V O 

p W no 

Hi p 

•a ai p 
I > 3 
© <0 01 
N hO © 

© o 

Hi 01 © 


© w -o 

2>2 2 
POO. 

8 2 


£ I 

r 

V°i 

a oi to 
i p © 

P 01 01 

© d -o 
w be 

01 to TJ 

2 O H 

o . d 

3 H TJ 
P O >> 
«H P XS 


t 0 d 

5 8 5 
* © ^ 
2 & 


| 2 © 

O Hi o 


© cO 

•a e © 
B G X 

CO o P 


■o 1 l 

© CO 3 
P 01 
V w 

22 SP 

C © P 

o w d 

O p 
he co j 
>. d S i 

Z2 2 ^ 


2-SS 

W Hi © 


© d p ■ 

» © p 
3 © 


3 2 £ 

2 § p 


P d T3 
(DO© 

WOP 


il 

ii! 

he p o ■ 


O 

I- 

< 


o 

> 


•DP 2 , 

I © o © * 

: a it 

i d © 

U O 0] 

: o a x 


3* 2 

d d* o 


p d JS e © 

Hi O P 03 © £ 

© -a p p p x! H 

a © n s d p 

co p d d 

a h. © g w g • 

i © a p u 5 p- 

Hi 01 01 X O U E 

© C 3 OT P 3 - 


3 > P 6 H p D 

m p d o d 

© Hi T3 d 

: oi © 

> p p -a 

i p u © 

p* i d 

i © © 

i o « m 


p © © p o 

P Hi T3 O >» 

© % 2 <3 § 

p ~ ° ~ a| 

Hi © d > ©‘ 

© T3 X Hi 

p p p £ p 


& XS 
P 

, o -a 


-e 2 2 

© p © 
p » 
o-o 
p d w 
In d © 


I o d d o p s 

: as © d o oi 5 


xs -o r 

oi v oi d 

23 8 2 


G W 0 3 
P P W oi 

h h n 

p p © 

= £ ES 

Ills: 


o o • 

P p oi 1 

0 p 

p d © 

01 W oi 
>>3 0 
XI P U 
a p o 

H 3 

d P oi 


a ® oi fi 
2 2 s 
’ 6,h l . 

io° 


i P -3 ■ 
01 © 
i © *0 


( fl * * * p >» 

ip d i p -d © 
•HdPO oidoxi 
o co © d ^ 

- - - -• p O 


d p © p c h 

P xs d o 

•D m © p < 

© © d bo oi h 


232 


122 


? 3 © 

•D P u u 
2 
S 


TJXO, 

d © 3 


•O m ■D | 
© d 
•o © d 
Tl X! 


o d p i 
^ « - 
23 3* 


© 2 2 
01 T3 O P 
© © 3 X 
Hi 01 P © 
a 3 <H -o 


© 0] ; 

a d : 

3 £ 


^ 3 XS 
ci a P 

S23 

3d 2 

p © 

8* * 
© © -a 
>> Hi d 

p a 
© 0] 
P Hi © 

d a xs 

© 03 

2 23 

p © 

§ * 2 


SI* 


2 £ s 
■D © P 1 
© ct C 
P *0 5 

p p 2 c 

■O P d r 

d © a < 

rr 

p cn a x 
i « © t 


•D 01 XS 

2 2 ~ 

P u* o 


w © 

P P 

© o 


a 3 © 
o p h) 1 

>. P T3 


S 2 

G £> 


3 X P 
P Hi oi 
p Xi d 


22 


1 1 1-105 


LYOPHILIZATION (Continued) 


III -106 


pooled , and 10 ml portions of 
the viable organisms were freezi 
dried in vaccine bottles at 
-44°C. The bottles were sealed 
and stored at 4°C. 
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CHEMICAL PRESERVATION (Continued) 
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CHEMICAL PRESERVATION (Continued) 


o x g 

N ” c I 

O P d « P 
PE© P 


P d fl » P 

« « 3 < 

> © <h w d 


T3 * d 

§ £ w 5 

^ Vi S a 


o a - © 
P 3 © c 

o P x P 
P TJ O d 


P d 

• C <w O O 
j P o 3 «H 


y c p 

> 3 « m o • 

* -O d a to d 

© * a. o 

i> d p bp 

> p © O P 

to k h a 

! « O © Vi d 

) j* O £i a 0 


« d d *H p 

a a © p 

d © O T3 B 


© o tn h d 

h A P O © 

© O o O B. © 

* p <n 3 a 

) £ P P 4) P 

i m > be d d • 
' >. p © p 

© O O 6* ft P 

u d p m a 

IV © © © ‘ 


I P MT3 O 

> c d d Vi m 1 

» p 3 S O B 

I P P A 

> V | ©dp* 

: © p ^3 a © 

! P d P E 

i d B Vi d B 

' © © 0 © K 

i > x: p > © 

IS A p V 
O M U M 

• p e © c ' 

i T> tn 3 d O - 


p g S TJ > 

d 9 ca C O 

fd A O B B 


III-118 


CHEMICAL PRESERVATION (Continued) 



III-119 





I I 1-120 




CHEMICAL PRESERVATION (Continued) 
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electropherograms 

268 

EMBALMING FLUID 
303 304 

EMBRYONIC TISSUE 
267 

ENDOCRINE GLANDS 
078 079 

ENDOLYMPH 

203 
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ENTEROVIRUSES 

297 

ENZYME INDUCTION 
083 

ENZYME KINETICS 
125 

ENZYMES 


013 

014 

021 

053 

056 

058 

059 

061 

062 

072 

080 

081 

091 

105 

106 

110 

122 

126 

148 

152 

155 

172 

2 06 

235 

239 

300 

311 

317 

338 

377 


ENZYMES* INSECT 
io4 

ENZYMES* RESPIRATORY 
f)76 

EOSIN 

106 372 

EPITHELIAL CELLS 
204 383 

EPON 812 
378 

ergosterol 

123 

erignathus barbatus 

204 

ERYTHROCYTE CASTS 
252 

ESCHERICHIA COL I 

017 018 082 083 258 

259 289 36o 

ESOPHAGEAL VARICES 
37 o 
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ethanol 

305 311 358 362 

ETHYL ACETATE 
362 

ethylene GLYCOL 

094 095 136 160 

ETHYLENE OXIDE 
255 344 

ethyleneoiamine 

319 

ETHYLENEDIAMINETETRAACETIC ACID (EDTA) 
022 025 031 033 037 

ETHYLMERCURIC thiosalicylate 

348 

euglena 

002 

EUMETOPIAS JU8ATA 

204 

extenders 

139 150 241 341 

EYE LENSES 
084 

EYES 

205 

FALLOPIAN TUBE fluid 
236 

FASCIA LATA 

269 

FATS 

270 
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FATTY AICDS 

198 199 390 

FECES 

266 270 321 357 

FERROBaCILLUS 

306 

FETAL BRAIN PRESS JUICE 
381 

FETAL tissue 

159 

FIBRINOGEN 

048 

FIBROBLASTS 

161 293 3B3 

FICIN 

305 

FILTRATION 

351 

FISH 

086 229 371 

FISH BLOOD SERUM 
085 

FISH GILL FILAMENTS 
377 

FISH RECTAL GLANDS 
282 

FISH SPERMATOZOA 
147 

fixation and embedding 


106 

107 

109 

282 

368 

369 

370 

371 

372 

373 

374 

379 

375 

376 

377 

378 
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FIXATIVES 

374 

FLAVOBACTERIUM 

020 

FLEXIBACTERIA 

087 

FLOWER preservatives 
322 

FLOWERS 

302 323 

FLUORESCEIN SODIUM SOLUTION 
324 

FLUORESCENCE 

128 


FLUORIDE 

184 308 311 325 367 

FODDER 

092 

foil packets 

032 

FOODS 

088 254 

formaldehyde 

252 377 

FORMALIN 

303 351 369 372 

FOSSILS 

306 

FOWL SPERMATOZOA 
136 288 
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FREEZING 


001 

002 

003 

004 

005 

006 

007 

008 

009 

010 

Oil 

012 

013 

014 

015 

016 

017 

018 

019 

020 

021 

022 

023 

024 

025 

026 

027 

028 

029 

030 

031 

032 

033 

034 

035 

036 

037 

038 

039 

040 

041 

042 

043 

044 

045 

046 

047 

048 

049 

050 

051 

052 

053 

054 

055 

056 

057 

058 

059 

060 

061 

062 

063 

064 

065 

066 

067 

068 

069 

070 

071 

072 

073 

073 

074 

075 

076 

077 

078 

079 

080 

081 

082 

083 

084 

085 

086 

087 

088 

089 

090 

091 

092 

093 

0 94 

095 

096 

097 

098 

099 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

180 

181 

198 

206 

239 

244 

266 

27n 

281 

282 

288 

299 

358 

387 


FREEZING POINT DEPRESSION 
148 

FROG HEART 
094 095 

FROG MUSCLE 
116 337 
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FROG SCIATIC nerve 
12 * 

FRUCTOSE 

022 025 032 037 o^l 

137 138 289 

FRUIT 

089 

FUMIGANTS 

306 

FUNDULUS GRANDIS 
377 

FUNDULUS HETEROCLITIS 
086 229 

FUNGAL ENZYMES 
235 

FUNGAL SPORES 
34? 

FUNG I 

090 271 360 

FUNGI IMPERFECTI 
090 271 

FUNGICIDES 

340 

GALACTOSE 

072 

GAMMA-AMINOBUTYRATE transaminase 
014 

GARDENIA 

302 

GAS VELOCITY 
366 
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GASTRIC SECRETION STANDARD! 
126 

GASTRIC SECRETIONS 
091 206 

GELATIN 

083 193 

GELS* HYDROPHILIC 
363 

gels* water soluble 

3°3 

GERMINATION 

340 

GEY'S SALT SOLUTION 
±56 

GLADIOLUS 

323 

GLANDERS ANTIGEN 
253 

GLANDS 

301 

GLANDS, RECTAL 
282 

GLEETS SIVLER SOLUTION 
376 


GLOBULIN 

053 

GLOSSINA PALLIPEDES 
169 

glucose 


022 

025 

032 

037 

0 A 1 

053 

061 

154 

199 

289 

297 

299 

31 0 

311 

327 


328 
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GLUCOSIDASES 

106 

GLUTAMATE 

294 

GLUTAMIC DEHYDROGENASE! 

109 

GLUTAMIC OXALACETIC TRANSAMINASE 
061 211 

GLUTAMIC-OXALACETIC transaminase 
211 

GLUTAMINE 

176 

GLUTARALDEHYDE 
368 373 

GLUTATHIONE 

325 

GLYCEROL 


002 

003 

004 

005 

007 

009 

010 

Oil 

012 

019 

020 

021 

022 

025 

026 

028 

029 

033 

035 

037 

038 

039 

041 

042 

046 

057 

070 

072 

073 

076 

077 

078 

079 

087 

090 

095 

121 

124 

131 

132 

133 

134 

136 

137 

140 

141 

142 

143 

144 

146 

149 

150' 

154 

159 

160 

167 

169 

170 

171 

172 

173 

174 

178 

179 

244 

286 

358 

288 

29A 

299 

343 


GLYCEROL METABOLISM 
1 0 A 

GLYCEROL REMOVAL 
026 

glycerol* ANHYDROUS 
*05 
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GLYCEROPHOSPHATIDES 

034 

GLYCOGEN 

374 

GLYCOGEN METABOLISM 
104 

GLYCOLYSIS 

013 

GLYCOLYTIC ENZYMES 
104 

GLYCOPROTEINS 

085 

GOLD VAPOR 

375 

GONADOTROPHIC HORMONE 
251 

GRASS 

092 

ground squirrel BLOOD 

027 


GUANOSINE 

192 194 195 

GUINEA PIG ENDOLYMPH 
20 3 

GUINEA PIG SMOOTH MUSCLE 
118 

GUINEA PIG THYROID 
247 

GUINEA WORMS 
093 

HAMSTER TUMORS 
170 
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HANK’S SOLUTION 
246 294 

HEART 

094 095 102 208 209 
210 211 304 325 

HEART PUMPS 
333 

HEART VALVES 

096 097 272 

HEART-LUNG PREPARATION 
326 327 

HEAT STERILIZATION 
362 366 

HEDERA HELIX 
302 

HELA CELLS 

098 157 387 

HELIUM 

224 

HELIX POMATIA 
207 

HEMAGGLUTINATION TEST 
368 

HEMATOCRIT 
191 328 

HEMATOXYLIN 
106 372 

HEMOCYANIN 

207 

HEMOGLOBIN 

034 037 185 187 189 

191 191 314 

HEMOLYMPH 

004 
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HEMOLYSIS 


030 

313 




HEPARIN 

056 

233 

329 

210 

315 

330 

221 

316 

335 

222 

326 

227 

328 

HEPATITIS 
026 390 





hexamethylene tetramine 
160 


HOLOTHURIANS 

339 

HOMOARGINE 

258 

HONEYBEES 

104 

HORMONES 

251 

horse serum 

383 

HUMAN ADRENAL GLANDS 
003 

HUMAN ARTERIES 
003 255 

HUMAN ASCITES FLUID 
256 

human blood 

023 025 026 028 040 

183 184 185 186 197 

188 308 309 311 

HUMAN BLOOD CELLS 

041 194 31 o 

HUMAN BLOOD CULTURES 
380 
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HUMAN BLOOD FACTORS 
047 049 050 


HUMAN BLOOD PLASMA 

048 o52 053 054 q56 

198 315 353 390 

HUMAN BLOOD PLATELETS 

057 199 

HUMAN BLOOD SERUM 

058 059 060 061 062 

063 200 202 317 

HUMAN BONE MARROW 
005 007 010 

HUMAN BONES 
261 262 

HUMAN BRAIN 
263 369 

HUMAN CADAVERS 
303 

HUMAN CARTILAGE 
068 

HUMAN CORNEAS 
003 076 

human dura MATER 
265 

HUMAN EMBRYO FIBROBLASTS 
161 

HUMAN ESOPHAGEAL VARICES 
370 

HUMAN EYE LENSES 
084 

HUMAN FASCIA LATA 
269 

HUMAN FETAL TISSUE 
159 267 
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HUMAN GASTRIC JUICE 
206 

HUMAN HEART 
211 

HUMAN HEART VALVES 
096 272 

HUMAN HEART-LUNG PREPARATION 
326 327 

HUMAN INTESTINES 
105 106 

HUMAN KIDNEY CELLS 
160 

HUMAN KIDNEY TISSUE 
158 

HUMAN KIDNEYS 
332 

HUMAN LIVER 
335 

HUMAN LYMPHOCYTES 
051 

HUMAN MUSCLES 
115 

HUMAN ORGANS 
353 

HUMAN PARATHYROID GLAND 
381 

HUMAN RED BLOOD CELLS 


021 

022 

024 

030 

031 

033 

034 

035 

036 

037 

038 

039 

042 

043 

0 44 

045 

046 

189 

190 

191 

192 

193 

195 

196 

197 


31 A 
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HUMAN SALIVA 

129 130 284 285 316 
382 

HUMAN SCLERA 
286 

human skin 

134 

HUMAN SPERMATOZOA 

136 140 144 146 288 
378 

HUMAN TEETH 
163 246 

HUMAN TUMOR TISSUE 
162 

HUMAN TYMPANIC MEMBRANE 
345 


HUMAN 

URINE 




176 

177 

249 

250 

250 

251 

346 

347 

348 

349 

350 

351 

352 

367 



HUMANS 

212 


HYaLURONIDASE 

134 

HYBERNATION-STIMULATING BLOOD FACTOR 
027 

HYDATID ANTIGEN 


HYDROCHLORIC ACID 
346 347 

HYDROGEN ION CONCENTRATION 


048 

052 

086 

137 

177 

184 

185 

189 

191 

192 

225 

250 

251 

279 

309 

349 

388 
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HYDROGEN-PALLADIUM 

275 

HYDROXLYAMINE 

080 

HYDROXYETHYL STaRCH 
024 045 193 211 

HYMENOPTERA 

104 

HYPERBARIA 

208 209 211 214 216 

217 219 224 228 231 

232 245 

HYPOXANTHINE 

183 

HYPOXIA 

215 

ICE CRYSTALS 
089 

ICHNEUMON WASPS 
104 

ILEUM 

103 106 228 

INCUBATION 

390 

INFLUENZA VIRUS 
298 354 

INOSINF 

187 188 192 194 195 

196 197 

INSECT LARVAE 
358 361 

INSECTS 

004 104 361 
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INSULIN 

231 327 332 

INTERFERON 

213 

interstitial fluid substitute 

285 

INTESTINES 

105 106 245 

INVERT SUGAR 
221 

invertase 

092 

IODINE METABOLISM 
247 

ISCHEMIA 

210 221 334 335 

ISOPROTERENOL 

327 

IVY 


JEJUNUM 

106 

KAVALENKO^S SOLUTION 
154 

KIDNEY CELL CULTURES 
160 

KIDNEY TISSUE 
158 
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KIDNEYS 


028 

099 

100 

101 

102 

103 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 

227 

228 

328 

329 

330 

331 

332 

333 

335 

353 

372 


373 

KILLIFISH 
086 229 

kinetoplasts 

168 

KNEE JOINTS 
230 

KREBS-RINGER SOLUTION 
220 

L CELLS 
157 

LACTAL8UMIN HYDROLYSATE 
098 

LACTASE 

105 

LACTIC ACID 

115 117 152 185 225 

LACTIC DEHYDROGENASE 
061 148 206 

LACTOBACILLUS 

259 

LACTOBACILLUS ARABINOSUS 
258 

LACTOPHENOL-ACID FUSCHIN 
107 

LACTOPHENOL-COTTON blue 
107 
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LACTOSE 

028 032 289 294 

LARVAE 

358 

lavdowsky* s fluid 

374 

LEAD CITRATE 
373 

LEAF PROTEIN 
281 364 

LEAVES 

107 273 

LEISHMANIA 

169 

LICHENS 

108 

lily-of-the-valley 

302 

LIMA BEAN MILDEW 
067 

LIPASES 

056 390 

LIPIDS 

034 

LIPOPROTEIN LIPASE 
056 

LIVER 

028 102 109 231 

233 234 304 333 

353 374 

LIVER ENZYMES 
125 

LIVER FUNCTION TESTS 
201 


232 

335 
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LIVER TISSUE 
110 

LQBARIA pulmonaria 
108 

LOBSTER RETICULUM 
276 

LOCKE > S SOLUTION 
328 

LUNG 

2od 326 334 335 

lymphocytes 

051 

lyophilization 


014 

020 

052 

076 

083 

097 

114 

126 

121 

154 

180 

203 

213 

253 

254 

255 

256 

257 

258 

259 

260 

261 

262 

263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

307 

359 

374 

375 


lysine ethyl ESTER 
080 

LYSINE METHYL ESTER 
080 

MACACA MULATTA 
236 

magnesium 

179 

MAGNESIUM CHLORIDE 
070 
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MAGNESIUM s u lfate 
325 

maltase 

105 

mammalian MYCOPLASMAS 
120 

MAMMALIAN SKELETONS 
320 

MANNITOL 

099 100 226 332 

MARINE BACTERIA 
020 

marine invertebrates 

339 

MARINE MAMMALS 
320 

MEASLES VIRUS 
180 

MEAT 

114 275 

MEMBRANE PERMEABILITY 
083 

mercurial fungicides 

340 

MERCURIC CHLORIDE 
367 375 

MERCURY COMPOUNDS 
367 

merthiolate 

064 269 367 

METABOLISM 

212 


359 
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METAMORPHOSIS 

358 

METHICILLIN 

135 

methylcellulose 

383 

MICERIN 

343 

microangiography 

065 

MICROCOCCUS 

020 

micrococcus denitrificans 
360 

MICROCOCCUS LYSODEIKTICUS 
258 259 

MICROORGANISMS 

082 

MILDEWS 

067 

MILK DIALYSATE 
389 

MILK SOLIDS# NON-DIALYZABLE 
138 

MILK# SKIM 

120 142 145 240 277 

291 297 

MITOCHONDRIA 

1C9 110 111 168 

MOISTURE CONTENT 
052 274 365 

MOLECULAR SIEVES 
076 254 
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MOLLUSK TRACE ELEMENTS 
386 

mollusks 

371 

MONKEY OVIDUCTAL FLUID 
236 

MOSQUITOES 

361 

MOUSE BLOOD 
012 

MOUSE BONE MARROW 
006 007 009 

MOUSE BRAIN 
0 1 A 

MOUSE FIBROBLASTS 
293 383 

MOUSE liver 
109 

MOUSE LIVER EPITHELIUM 
383 

MOUSE mammary adenocarcinoma 
170 

mouse sarcoma cells 

383 

mouse skin 

133 

MOUSE TUMORS 


170 

172 

294 

MUSCLE 

112 

115 

116 

285 

337 

338 

MUSCLE 

117 

BIOPSY 
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MUSCLE TISSUE 
113 

MUSCLE* SMOOTH 
118 

MUSEUM SPECIMENS 
306 

MUTATION 

017 

MYCOPLASMA 

119 120 121 277 380 

MYCOPLASMA MYCOIDES 
368 

mycoplasma pneumoniae 

368 

MYTILLUS GALLOPROVINCIALIS 
386 

NECTURUS M. MACULOSUS 
280 

NEMATODES 

093 122 123 

NEOPLASMS 
171 173 

NERVE GROWTH FACTOR 

278 

nerves 

124 

NEUROSECRETORY granules 

279 

NEUROSPORA CRASSA 
235 

NICOTINAMIOE ADENINE DINUCLEOTIDE phosphate 

no 
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NITRATE REDUCTASE 
235 

NITROGEN COMPOUNDS 
053 092 266 357 

nn-dimethylacet amide 

143 

NOREPINEPHRINE 

325 

NORMAN JOHNSON NO# 2 EXTENDER (N-J-g) 
341 

NUCLEI 

070 

NUCLEIC ACIDS 
379 

NUCLEOSIDE DIPHOSPHATASE 
125 

NUCLEOSIDES 

194 

NUCLEOTIDES 

013 110 112 183 194 

NYCTOTHERUS 

375 

ODOBENUS ROSMARUS 
204 

OLEIC ACID 
199 

ORANG-UTAN SPERMATOZOA 
146 

ORGANIC COMPOUNDS 
362 

organo-mercury compounds 

248 
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OSMIC ACID 
373 

OSMIUM TETROXIDE 
375 378 

OSMOTIC FRAGILITY 
037 189 191 

OSMOTIC PRESSURE 
043 086 215 

OUABAIN 

197 

OVALBUMIN 

016 

OVARIAN TISSUE 
078 079 

OVARIES 

077 

OVIDUCTAL FLUID 
236 

OX liver catalase 

069 

OXALATE 

309 316 

OXIDATION 

199 

OXYGEN DISSOCIATION 
187 

OXYGEN SCAVENGERS 
275 

OXYGENATION 


185 

208 

209 

211 

214 

215 

216 

217 

219 

224 

228 

231 

232 

233 

245 


327 
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PACKAGING 
096 275 

paladium vapor 

375 

palatinase 

105 

PANAGRELLUS REDIVIVOS 
122 123 

PANCREAS 

245 

PANOGEN 

340 

PAPAVERINE 

222 

PAPER WICKS 
291 

PARA-INFLUENZA VIRUS 
297 

paraffin embedding 

374 

PARAFFIN OIL 
230 

PARAMECIUM 

375 

paraplast 

369 

parathyroid gland 

381 

PARDUCZ FIXATIVE 
375 

PARENCHYMA 

089 



PAROTID GLAND SALIVA 
284 

PELLET FREEZING METHOD 
142 149 

PENICILLIN 

154 220 231 332 

PENICILLIUM SPINULOSUM 
342 

PEPSIN 

091 126 

peptone plugs 

365 

PERFUSATES 


054 

094 

209 

210 

211 

214 

217 

219 

221 

223 

224 

225 

226 

227 

229 

231 

232 

233 

234 

245 

285 

301 

318 

326 

327 

328 

329 

33 0 

332 

334 


PERFUSION APPARATUS 
326 

peroxidase 

155 

PETROLEUM ETHER 
237 

PHENONIP 

342 

PHENOXYBENZaMINE 

226 

PHENYL MERCURIC BORaTE; 
348 

PHENYLETHYL alcohol 
324 

PHENYLMERCURIC nitrate* 
324 
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PHENYLPYRUVIC acid 
3*7 

PHLEBOTOMINE SaNDFLIES 
169 

PHOCA VITULINA 
20 * 

PHOSPHATASE substrate 

237 

phosphatases 

053 058 059 140 317 

PHOSPHATES 

193 

PHOSPHOCREATINE 

117 

PHOSPHOHEXOSE ISOMERASE 
061 

PHOSPHOLIPIDS 

084 

PHOSPHORUS 

192 

PHOSV I TIN 

127 

PHOTO EFFECTS 
242 

PHOTOBACTERIUM 

020 

photophosphorylation 

073 

PHOTOSYNTHESIS 
073 108 

phycoerythrin 

128 
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PHYCOMYCETES 
090 271 

PHYSICAL EFFECTS 
307 

PHYSICAL PROPERTIES 
343 

PHYTOPHTHORA phaeseoli thaxt. 
067 

PINE NEEDLES 
107 

PINNIPEDS 

204 

pituitary gland 

279 280 

PLANT CELLS 
073 

PLANT TISSUE 
302 

PLASMA PROTEINS 
055 

PLASMAGEL 

356 

PLASMODIUM 8ERGHEI 
012 

PLASTIC CONTAINERS 
039 044 197 

PLASTIC EMBEDDING 

302 371 373 378 

PLASTIC WRAPPING 
155 

PLEROSTICHUS bREVICORNIS 
004 
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pol y ester resins 

371 

POLYPEDILUM VANDERPLANKI ♦ HINT. 
358 

polystyrene sponge 

355 

polyvinyl trays 

344 

POLYVINYLPYRROLIDONE (PyP) 

006 (132 045 171 299 

PORCINE ARTERIES 
255 

PORCINE FECES 
321 357 

PORCINE LIVER 
233 234 

PORCINE MUSCLE 
117 

PORCINE PEPSIN 
126 

PORCINE RED BLOOD CELLS 
312 

PORCINE SPERMATOZOA 
139 143 

PORPHYRIDIUM CRUENTUM 
128 

POTASSIUM 

035 037 138 191 194 

200 202 315 

POTASSIUM CHLORIDE 
318 332 
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POTASSIUM FLUORIDE 
308 

POTASSIUM SALTS 
318 325 

POWDERS 

102 113 

PRaTYLENCHUS SCRIBNERI 
122 

PREGNENOLONE 

001 

PRESSOR SUBSTANCES 
352 

PRIMATE KIDNEYS 
329 

PRIMATE SPERMATOZOA 
1*6 

PROCAINE 
221 329 

PROLINE 

259 

PROPYLENE GLYCOL 
136 160 

PROPYLENE OXIDE 
3C5 

PROPYLENE PHENOXETOL 
339 

PROPYLHYDROXYBENZOATE 

3*2 

PROTfIN 

1*7 

prqteinases 

152 
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PROTf'INS 


052 

053 

055 

061 

083 

100 

104 

127 

130 

138 

162 

175 

229 

274 

279 

281 

364 

284 

338 

357 

363 


PROTEUS VULGARIS 
259 

PROTHROMBIN 

048 049 052 309 

PROTOZOA 
365 375 

PSEUDOMONAS 
017 020 

PSEUDOMONAS AERUGINOSA 
324 

pseudomonas aureofaciens 

258 

PSEUDOMONAS denitrificans 
360 

PSEUDOMONAS FLUORESCENS 
359 

PUCCINIA GRAMINIS VaR tritici 
151 

PUMP-OXYGENATOR 

328 

PYRIDINE N-OXIDE 
030 160 

PYRIDOXAL PHOSPHATE 
062 

PYROPHOSPHORYLASE 

109 

PYRRULIDONE CARBOXYLIC ACID 

259 
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PYRUVATE 

225 

RABBIT BONE 
319 

RABBIT BRAIN HOMOGENATE5 
264 

RAB8IT HEART 
102 210 

Rabbit interferon 
213 

RABBIT KIDNEYS 
028 102 222 

RABBIT LIVER 

028 102 304 

RABBIT OVIDUCTAL FLUID 
236 

RABBIT RED BLOOD CELLS 
313 

RABBIT RETICULUM 
276 

RABBIT SKIN 
131 

RABBIT SPERMATOZOA 

136 145 288 341 

RABBIT TENDONS 
343 

rabbit trachea 
003 

rabies vaccine 

?64 

RADIATION 

065 293 387 
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RADIATION PROTECTION 
289 

radiation sterilization 
096 265 388 

ram spermatozoa 

148 

RANA PIPIENS 
337 

RANA temporaria 
116 

RAT ADRENAL GLANDS 
001 

RAT BLOOD PLASMA 
055 

RAT BLOOD VESSELS 
0 65 

RAT BODY TEMPERATURE 
238 

RAT BONE MARROW 
006 

RAT BRAIN 
013 015 

RAT BRAIN ENZYMES 
072 

RAT ENDOCRINE GLANDS 
077 078 

RAT HEART 
209 325 

RAT INTESTINES 
106 

RAT KIDNEYS 

100 101 220 372 373 
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RAT LIVER 
110 

RAT LIVER ENZYMES 
125 

Rat muscle 

285 

RAT SEX GLANDS 
079 

RAT SKIN 
132 

rat tumors 
170 

RAT UTERINE HORNS 
178 179 

RED BLOOD CELLS 
029 

RED CLOVER 
364 
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REFRIGERATION 


015 

021 

035 

036 

055 

067 

069 

072 

084 

084 

091 

110 

114 

126 

135 

140 

151 

152 

154 

162 

174 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

240 

2*1 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

252 

253 

260 

278 

279 

283 

284 

285 

292 

295 

296 

297 

307 

316 

343 

357 

362 

368 

385 

389 




respiration 
108 225 

RESPIRATORY VIRUSES 
297 

RETIcULIN 

376 

RETICULUM 

276 

RHEOMACRODEX 

221 

RHFSUS MONKFYS 
236 

rhinoviruses 

297 

ribonuclease 

181 
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RIBONUCLEIC ACID (RNA) 

083 

RIBONUCLEIC ACID POLYMERASE 
070 

RIBOSOMES 
083 283 

RINGER-LOCKE SOLUTION 
343 

RINGER’S LACTATE SOLUTION 
223 231 332 

RINGER’S SOLUTION 

094 209 310 335 

ROCK OR MINERAL SPECIMENS 
306 

RoSSman’S FLUID 
374 

RUSSELL’ S VIPER VENOM 
278 

RYEGRASS 

364 

SACCHAROMYCES CEREVISIAE 
018 299 299 360 

SACCHAROMYCES FRAGILIS 
300 

SALAMANDER PITUITARY GLAND 


280 



SALINE 

310 

310 

328 

saliva 

129 

284 

285 

SALIVA 

316 

AMYLASE 
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SALIVA PROTEINS 
130 

salt glands 
377 

salts 

043 

SARCOMA CELLS 
383 

SARCOMA 180 
170 

SARCOMA 37 
170 

SARCOMAS 

172 

SARCOPLASMIC RETICULUM 
276 

SARTORIUS MUSCLE 
116 

SCENEDESMUS 

002 

sciatic nerve 

124 

SCINTILLATION COUNTING 
385 

SCLERA 

205 286 

SCOLICES 

292 

SCORPION VENOM 
287 

SEA LION EPIDERMAL CELLS 
204 
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SEA PUDDING 
339 

SEAL EPIDERMAL CELLS 
204 

seminal plasma 

147 

SERINE 

259 

serratia 

020 

SERRATIA L FORMS 
119 

SERRATIA MARCESCENS 
018 257 258 259 

SERUM ACID PHOSPHATASE’ 
317 

serum transaminase 

233 

SEX GLANDS 
079 

shark rectal gland 
282 


SHEEP RONES 
319 

SHEEP KIDNEYS 
329 

SHEEP LIVER TRIPHOSPHOPYRIOINE NUCLEOTIDE 
166 
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SHEEP RED BLOOD CELLS 
032 3b8 

SHEEP SPERMATOZOA 
137 149 

shigella flexneri vaccine 

296 

sialogastrone 

285 

SILICA GEL 
360 

SKELETONS 

320 

SKIN 

131 132 133 134 

SNAIL HAEMOCYANIN 
207 

SODIUM 

202 

SODIUM CYANIDE 
312 

SODIUM perborate tetrahydrate 
320 

SOIL ENZYMES 
239 

solurility 

052 

SONICATION 

181 

SORBITOL 

042 
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SPERMATOZOA 
029 136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

240 

241 

242 

243 

244 

288 

341 

378 



SPIRILLUM 

020 

spleen 

103 

SPORE GERMINATION 
151 

SPORES 

289 290 342 366 388 

SPOROCYSTS 

074 

SPOROZOITES 
074 075 

SPRAY DRYING 
088 

SQUID MUSCLE 
112 

STABILIZERS 

297 

STAINING 

106 107 372 373 376 

STANDARD SOLUTIONS 
060 126 

STEM CELLS 
009 

STEM RUST 
151 

STERILIZATION 

096 265 272 305 324 

344 366 388 389 
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STERILIZATION 

249 

STICHOPUS M0E8II 
339 

STIZOSTEDION VITREUM VITREUM 
147 

STOMACH 

245 

STREPTOBACILLUS 

380 

STREPTOCOCCUS 

259 

STREPTOCOCCUS CREMORIS 
258 

STREPTOCOCCUS LACTIS 
152 

STREPTOMYCES COELICOLOR 
018 291 

STREPTOMYCES VIRIOOFLAVUS 
018 

streptomycin 
220 206 

STRIGOMONAS oncopelti 
365 

STRONTIUM 

001 

SUCCINIC DEHYDROGENASE 
1 09 

SUCCINOXIDASE 

109 

SUCRASE 

105 
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SUCROSE 

021 031 110 121 

294 299 322 338 

SUCROSE GRADIENTS 

153 

SUGAR ALCOHOLS 
243 

SUGARS 

033 240 243 257 

SUPERCOOLING 

174 

SUSPENSIONS 

355 

TAENIA COLI 
118 

tapeworm antigen 
292 

TARTARIC ACID 
259 

TC 199 MEDIUM (GLAXO) 
217 

TEETH 

163 246 

TEMPERATURE EFFECTS 

356 

TENDONS 

154 343 

TESTES 

077 

TeSTIcULa* TISSUE 

078 079 

tetrahymena 

375 


292 

359 
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THERMAL shock 
043 

THIOBACILLUS 

306 

THIOBACILLUS CONCRET I VORUS 
360 

THIOUREA 

302 

THORIUM OXIDE 
065 

THOROTRAST 

065 

THREONINE 

259 

THYMOL 

306 350 

thyroid GLANDS 
155 247 

THYROID-STIMULATING hormone 
280 

tick fever vaccine 

Oil 

TIS-U-SOL 
216 345 

TISSUE CULTURE 


009 

098 

134 

154 

158 

159 

160 

164 

169 

172 

293 

337 

344 

379 

381 


387 

TISSUE CULTURE CELLS 
019 156 161 294 

TISSUE HOMOGENATES 
162 385 
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TISSUE WATER 
086 

T ISSUE » ANIMAL 
171 

TOLUENE 

058 081 321 346 

TOMATO MITOCHONDRIA 
111 

tomato parenchyma 

089 

TONICITY 

137 

TOXOPLASMA GONDII 

164 

TRACE elements 
386 

TRACHEA 

003 

TRACHOMA AGENT 
098 

TREMATOMUS 8ERNACCHI I 
085 

TREMATOMUS BORCHGREVINKI 
085 

TREMATOMUS HANSONI 
085 

TRICHOMONAS VAGINALIS 

165 

trifluorotrichloroethane 

264 

TRIPHOSPHOPYRIDINE NUCLEOTIDE* REDUCED 
l 66 
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TRIS ( HYDROXYMETHYL) AMINOMETHANE 
185 209 

trypanosoma brucei 

167 168 169 

trypanosoma lewisi 

384 

trypanosomes 

169 

TRYPSIN 

080 

TSETSE FLIES 
169 

TUBERCULOSIS 

382 


TUMOR 

tissue 


162 

170 

174 

TUMORS 

172 

173 

294 


TURBATRIX ACETI 
123 


turkey spermatozoa 

139 2*3 

TYMPANIC membrane 
248 272 345 

ULTRAFILTRATION 

181 

ULTRASONIC VIBRATION 
236 

URANYL ACETATE 
373 

UREA 

053 061 147 
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UREDOSPORES 

151 

URIC ACID 
053 147 

URIDINEDIPHOSPHATE galactose 4-epimerase 


08l 

300 




INE 





175 

176 

177 

213 

249 

250 

346 

347 

348 

350 

351 

352 

367 



INE 

HORMONES 




251 

URIME SEDIMENTS 

252 

URINE STEROIDS 
349 

URONYCHIA 

375 

usnea ceratina 
108 

usnea submollis 
108 

uterine horns 

178 179 

uv radiation 
353 

VACCINES 

Oil 295 296 353 

VARICES 

370 

VASELINE oil 
131 

VASOACTIVE DRUGS 
065 
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VEJOVIS SPINIGERUS 
287 

VENOM 

278 287 

VENTRICULAR ASSISTORS 
333 

VIBRIO 

020 

VIRAL INHIBITORS 
213 

VIRUS VACCINES 

353 

VIRUSES 

098 180 181 297 

354 

VISCOSITY 
052 066 

WALLEYE 

147 

water activity 

290 

wetting agents 

113 

WHEAT 

364 

wheat-leaf protein 
281 

WHITE BANEBERRY 
302 

WOODCHUCK BLOOD 
027 


298 


WYEOMYIA 

361 



XYLOCAINE 

227 


YEAST 

071 081 299 300 360 

ZEPHIRAN CHLORIDE 
345 

2-P-DIOXANONE 

304 

2-PHEN0XYETHAN0L 

338 

2-PROPANOL 

379 

2»3-DlPH0SPH0GLYCERATE 

185 1 87 1 88 190 194 

4-CHL0R0-M-CRES0L 

306 

4-CHL0R0-3*5-XYLEN0L 

306 

8-HYDROXYQUINOLINJE CITRATE 
322 323 
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